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ABSTRACT
The main focus of this thesis was to explore the link between workers’ 
participation and attitudes when design improvements are introduced in the 
workplace. The study was undertaken to examine possible relationships between 
the user's participation effects on individuals’ attitudes when involved in the design 
process.
A model has been proposed, by combining the theoretical approaches from 
the existing models on the attitude theory into the design field is recommended. 
Hence, an examination of the literature provided elements in this regard. These 
findings reinforced the claim that participatory approaches increase the levels of 
trust and job satisfaction, improving attitudes in the workplace.
Tools were designed for satisfaction and attitudes assessment. Also, a 
description of conversations with individuals using ethnographic resources 
attempted to portrait the study conditions. Design attributes were also assessed to 
complete the approach.
In order to investigate this relationship 15 oil drillers working in offshore 
drilling rigs and engaged in oil and gas exploration and production (E&P) 
participated in the study. They completed a set of tools covering the nine attitude 
dimensions, and five scales of satisfaction. The results showed a low level of 
participation within the two groups involved. The individuals assumed different 
patterns of attitude toward their participation and the outcomes of the engineering 
design intervention. A comparison of the outcomes with the existing taxonomy is 
provided. On the whole, some quantitative data were added to the qualitative 
approach when analysing the data, shaping a naturalistic approach to the study.
The outcomes substantiated the perception that the individuals’ attitudes 
related to participation are connected by organisational culture, management 
practices, and personal experiences from a instrumental perspective. The data 
suggest that the success of participation is a function of the extent to which there is 
an organisational climate conducive to worker participation in decisions regarding 
the work environment. The industry environment pressures, innovation, 
organisational choices, and social beliefs and norms are determinants driving the 
organisation and individual patterns for the adoption of participatory approaches in 
engineering design.
“‘Ifie corporations that w ill succeed andfCourisfi in times afiead 
will Be tfiose tfiat fiave mastered tfie art ofcfiange: creating a cfimate 
encouraging tfie introduction o f  new procedures and new possiBiRties, 
encouraging anticipation o f response to e^temaCpressures, encouraging 
and fistening to new ideas from inside tfie organisation,
Tfie indnnduafs wfio ‘wiff succeed andffourisfi wiffafso Be masters o f  
cflange; adept at reorienting tfieirown andotfiers’ activities in 
untried directions to Bring aBout Big fier fevefs o f  achievement”
(Change Masters: Corporate Entrepreneurs at Work, by Rosabeth M. Kanter. 1985:65)
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Executive Summary
Despite a wealth of knowledge in the ergonomics and management fields, 
research into the organisational context of human factors in engineering design has 
shown that the engineering design management practices are still a widespread 
problem within the industry. However, organisations are increasingly appreciating 
the benefits associated with applying ergonomics to the design of workplaces and 
jobs. Related to these benefits, workers’ participation in engineering design may 
also promote a learning experience within the organisation.
The adoption of participatory initiatives in engineering design is to effect a 
change in organisational knowledge, attitudes and behaviour. The aim of these 
initiatives is to improve the managerial practices, and the health and safety of those 
engaged in the operation and maintenance of the production systems.
The idea that the workers’ involvement in the design process as the end- 
users of the technical systems, is an important asset for successful outcomes, 
justifies the effort of allocating human and economic resources. The users’ 
participation represents part of an ergonomic contribution to the solution of a 
design problem through the development of a managerial strategy for engineering 
design.
Within the domain of engineering design, the issues of health and safety 
have been advanced and can be tackled by using a participatory approach. 
Involving current job holders in the development of workstations and production 
systems, the contribution given through their analysis, diagnosis and redesign can 
promote new ideas and improved solutions. They are seen as important 
contributors for engineering design in order to produce a more optimal solution to 
a technical systems design problem. The identification of this important role of 
current job holders should not disguise the fact that it may be difficult for workers 
to express or otherwise contribute their knowledge and ideas.
Today there is greater emphasis on attributes of quality and performance in 
the production systems and the so-called world class organisations have seen the 
possibility for empowerment of their employees through the engagement in the 
development of economic and socially significant projects.
Until now the emphasis in research and development of technical systems in 
the industry has been placed on the development of the technical infrastructure to
xx
support their efforts to survive and indeed prosper in an increasingly global 
economy. However, to compete in today’s environment an organisation must also 
develop its non-technical or social infrastructure; i.e. the organisational structure 
within which its employees operate, in particular those areas which require groups 
of people working together to achieve a common purpose.
The evolution in management thinking now seeks to cultivate new skills 
and managerial styles that promote participation. It has been pursued through the 
development of organisational structures and practices which accommodate more 
interactive attitudes and co-operative working relationships.
By including approaches to the problem both from outside ergonomics and 
also those initiatives where participation and attitudes are contemplated in 
organisational behaviour management, the body of sources of information is very 
large. The present study focuses on the individual’s participation in large-scale 
engineering design interventions and their corresponding attitudes to the product of 
management practices within the organisation studied within the oil industry. Also, 
there was particular interest to describe what was occurring in a naturalistic setting 
in order to gain a better understanding of the participation effects, in practice, on 
individuals’ attitudes when engaged in the engineering design process.
Members of a work team or of a restricted technical community not only 
share knowledge and expertise, but also values, and an ethical point of view with 
respect to their responsibility for their work. They develop common strategies, 
particularly defensive strategies to cope with cultural, social, and organisational 
structures and difficulties imposed by management practices in their work.
Individuals when participating in an engineering design intervention, may 
assume a complex set of behavioural assumptions between actual and reported 
behaviour, based on personal experiences and interactions with others in the work 
environment, and the pressure to comply to organisational rules. They may react 
to others by assuming attitudes coherent with the situation involved from an 
instrumental perspective. They may want intentionally or unintentionally to 
maximise their personal gains and minimise their personal losses, while dealing with 
governing factors in their jobs.
A review of literature addressing participation’s effects on workers’ 
attitudes and satisfaction was carried out in order to identify some of the reasons 
why there has been a rise in interest in participatory approaches in industrial
xxi
management. Also, a variety of quite different approaches for the assessment of 
attitudes was examined in the literature. Overall, many studies found that people 
who participate directly show a better perception of personal value, ownership to 
the outcomes, stress reduction, and positive attitudes.
Having proposed some hypotheses on participation’s effects on individuals’ 
attitudes when engaged in engineering design interventions, the definition and 
approach of the problem, its context and the main target group, a methodology 
was developed. The choice to undertake an exploratory, qualitative study was 
devised given the possibility to investigate the empirical reality of workers’ 
participation in engineering design. A model has been proposed attempting to 
understand and investigate the relationship between attitudes and trust by 
emphasising participation’s effects on individuals involved in the process of 
engineering design. The environment studied was the oil industry, in particular the 
drilling activities. The approach contemplated the engineering design process in 
the construction of offshore oil rigs.
The method used to undertake the investigation included questionnaires, 
photographs, visits to the offshore platforms in the shipyard and after returning to 
their operating offshore locations. A group of offshore oil drillers was selected 
because of their involvement in the decisions for the re-design intervention on the 
offshore oil rigs, which involved radical changes in their workplace. Data were 
collected from two offshore oil drilling rigs.
Structured interviews and informal conversations were conducted with 
fifteen individuals involved in the engineering design intervention. Two main 
questionnaires were applied in the interviews addressing participation and attitudes. 
Also, a description of conversations with individuals using ethnographic resources 
and the structure provided by the questionnaires attempted to offer a portrait of the 
individuals involved in the engineering design intervention. On the whole, some 
quantitative data were added to the qualitative approach when analysing the data, 
shaping a naturalistic approach to the study. The questionnaires were also used to 
guide conversations, specially when interviewees sometimes seemed a little hesitant 
before a tape recorder.
The results showed a low level of participation within the two groups 
involved in the engineering design intervention. The individuals felt that in the
linkage between the engineering design intervention, its tasks and decisions, and 
the workers involved, their skills were ignored by the management.
The results also provided means to infer that the individuals’ attitudes may 
be connected by organisational structure and managerial style, encapsulating other 
important issues, for example, the role of information in promoting cross-functional 
integration, and sharing a link between themes such as people and information in 
the engineering design process. Beyond the issue of participation’s effects on 
attitudes, however, the study found that managerial concerns relating to the 
potential contribution of user involvement and commitment to the innovative 
technology based organisation were neglected.
In the discussions of results of the study it was argued that a new 
theoretical perspective might prove to be fruitful in improving participation 
research and practice within the management of engineering design. It was argued 
that the engineering design is not a linear process, and may involve a number of 
different functions and external parties, all of which share information and need to 
be integrated. To accommodate these observations, a multiple and convergent 
process should be adopted, in which participation provides the tools to manage the 
interaction among a wide range of participants with different perspectives, interests 
and expertise that are central to engineering design practice.
It should be noted that the patterns of attitude among the individuals and 
the outcomes as a result of participation, in fact, is a product of management 
practices within the organisation studied as a whole. Even though changes in 
individuals’ attitudes or significant levels of participation in the design intervention 
were not detected in the two groups, the attitude outcomes are still a result of 
management policies and practices adopted and permeated within the company.
To arrive at its recommendations concerning participation initiatives, the 
study also examined the engineering design practices within the industry. These 
practices guide many companies’ strategies for engineering design. Within the 
overall framework the results came to the following conclusions and 
recommendations:
•  The study concludes that the enthusiasm for participatory approaches 
integrated into engineering design management structures should be carefully 
planned. The expectations of an increase in trust in the system due to participation 
showed that the individuals were more conservative in this respect, if true
opportunities were limited and if there was a lack of information in the design 
decisions taken.
The study has revealed a possible relationship between individuals’ 
expectations, participation opportunities and organisational factors. The results 
showed that through their attitudes, the workers tried to behave in line with the 
organisational culture within their employer with respect to participation. The 
evaluation of consequences based on the organisation’s system of sanctions and 
rewards may influence the individuals’ responses to managerial decisions. Also, 
the undeniable speed of new technologies in the offshore industry, associated with 
the industry environment pressures, organisational choices and social beliefs and 
norms are influential determinants. They are salient categories driving the 
organisation and individual patterns for the adoption of participatory approaches in 
engineering design.
•  The study also concludes that in the assessment of user’s design preferences 
some attributes of design were seen as providers of an immediate and expected 
utility in their working environment such as comfort and performance (they 
classified three design attributes as more important: driller's cabin lighting, noise 
and thermal environmental control and seating), whilst others were regarded as a 
set of needs such as safety and health preservation. (Conversely, when these 
design attributes were scrutinised using more selective criterion, needs of safety 
were prioritised: the driller \s line o f sight, drillers ’protection and warnings).
•  Finally, the study concludes that the social dimension of engineering design 
for large made-to-order installations generates a set of issues for oil companies, 
manufacturers, design consultants and even the regulatory bodies. The 
management should keep in mind the perspective of engineering design as a social 
process of negotiation, involving a wide range of participants with different 
perspectives, interests, and expertise, by promoting the free exchange of legitimate 
interests.
•  The study further recommends that designing for safety and ergonomics 
purposes should be based on the collective work-related perceptions and 
viewpoints of workers. The assessment of organisational issues on effects of 
workers’ participation may contribute to a better understanding of behavioural 
aspects.
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CHAPTER 1________
Introduction: Defining Horizons for Research 
on Participation in Design and Attitudes
rflie reasonaGCe man adapts fiimseCf to 
the worCd; the unreasonahCe one 
persists in trying to adapt the world 
to himseCf. Therefore, ad  progress 
depends on the unreasonahCe man.
(George Bernard Shaw 1856-1950; Irish playwright and critic)
1.0 Introduction
Participation has been hypothesised to increase trust, motivation, and 
commitment among those affected and involved in initiatives such as problem solving, 
decision-making, goals setting, and workplace changes. Locke and Schweiger (1979) 
have presented compelling arguments for the case that future theory, research, and 
application in the work environment should not look exclusively at motivational or 
cognitive aspects. Participation in the workplace has been subject of research along 
the years (e.g. Coch and French, 1948, Cotton et al., 1988, Locke and Schweiger, 
1979). These predominant lines of research have led to a diversity of outcomes and 
meanings for participation which may seem to highlight its multidimensionality and its 
importance as a critical component in social interaction and decision-making processes. 
For example, Liker et ai. (1989) and Salvendy and Karwowski (1994) took an 
international perspective on workers’ participation and personnel development, while 
Dachler and Wilpert (1978) addressed the dimensions and boundaries of the 
participation processes.
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Analyses of literature have been inconclusive with respect to different forms of 
workers’ participation (Cotton et a i, 1988, Wagner, 1994). Sociotechnical and 
organisational literature traditionally advocates participation as a means of improving 
employee satisfaction and productivity (Miller and Monge, 1986; Hackman et a i, 
1976, 1980; Mumford, 1983; Bravo, 1993), and increasing the acceptance of change 
and the chances of a successful implementation of new work design (Locke and 
Schweiger, 1979; Camevale and Wechsler, 1992). Participative decision making is 
also recommended when managers do not have enough knowledge or information to 
make a decision themselves (Vroom and Jago, 1988).
Within sociotechnical theory principles (Chems, 1976, 1987), highly
participative work-groups are advocated with control over the methods they use to 
conduct their work (Cordery and Wall, 1985). Involving employees in decisions about 
the organisation of their work, is also advocated (Davis and Wacker, 1988; Blatti, 
1996), so that greater ownership and acceptance of new work systems is achieved. 
This approach may generate feelings of solution ownership (Wilson, 1995b), and to 
promote commitment to the results of participatory processes (Imada and Robertson, 
1987; Wilson, 1995a).
Despite the extensive interest shown by both scholars and practitioners in 
participation, research on participation’s outcome efficacy has yielded results that 
might be misleading if participation is regarded as a single construct; and few 
unambiguous conclusions can be drawn from the voluminous research on participation.
Most of the theory, research, and application of participation in the workplaces 
have emphasised the individuals variables (abilities, personal background, and 
personality characteristics), and job and organisational characteristics. There is a need 
for understanding the effects of participation which may lie in the development of a 
participation model that includes a motivational and cognitive framework (Cotton et 
al., 1988, Locke and Schweiger, 1979). A study by Latham, Winters and Locke 
(1994) provides further evidence that there is stronger support for the cognitive 
benefits of participation rather than motivational gains. They examined the effects of 
participation from both a motivational framework (improvement in performance 
through goal setting and commitment) and a cognitive framework (improvement in 
performance through information sharing and task strategy).
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Recent studies (Scully, Kirkpartrick and Locke, 1995; Latham, Winters and 
Locke, 1994) suggest that the benefits of participation on workers’ attitudes and 
behaviour may be more cognitive than motivational. The workers’ attitudes will be 
influenced by their work related needs, values, and expectations. Also, the workers’ 
attitudes in participatory processes may be influenced by the previously mentioned 
individual differences and organisational environment.
Although much attention has been devoted to developing measures of 
participation and its outcomes, only a few empirical studies have been based on a 
cognitive framework which includes workers’ attitudes, personal values, and 
expectations. The workers’ attitudes towards changes and decision making in the 
workplace may be influenced by an objective and psychological participation (Shipley, 
1990; Macy el a l, 1989). As described by Shipley (1990) objective participation is 
defined according to the level of involvement in the process of change. Psychological 
participation is defined as the amount of perceived influence a given individual may 
exert within a decision-making situation.
Consistent with a number of current social-psychological perspectives (e.g. 
Bern, 1972; Eagly and Chaiken, 1993, Fishbein and Ajzen, 1975; Rokeach, 1968), 
attitudes, beliefs, values, and behavioural intentions are viewed as distinct concepts 
which are both theoretically and empirically connected one to another; they are also 
related to the experiences with the attitude object (Kaplan, 1991, Abelson, 1981, Ajzen 
and Fishbein, 1980). The workers’ attitudes when involved in changes in their work 
environment may be influenced by a set of beliefs and values which may be moderate 
through levels of participation desired and perceived (Likert et al., 1989; Macy et al., 
1989; White and Ruh, 1973).
It has been argued that workers should not participate in redesign efforts of 
their own job because they might not see the whole operational and organisational 
processes or feel comfortable in supporting radical changes, and might suggest changes 
that would affect the work environment but keep the job content. Others say that 
many employees know more about their jobs than their supervisors do and, if 
consulted, could make substantial contributions and provide a reality-based diagnostic 
to a better decision-making than their supervisors would achieve on their own 
(Hackman and Oldham, 1976).
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Thus, participation may favour valuable outcomes, and these anticipated 
expectations on the outcomes from such processes, may influence the workers’ 
attitudes towards the attitude object (Ajzen and Fishbein, 1980). The workers’ 
positive expectations about the outcomes of participatory processes may be moderated 
by the degree of trust, which is a construct that has been discussed as a work value 
orientation in the workplace (see Muir, 1989; Barber, 1983). While participation 
relates to efficacy or influence over decision making processes, trust may be a 
predictor of individuals’ acceptance when involved in participatory processes. Trust, 
however, may arise either from an assessment of the level of importance given to the 
individual or from a predisposition based on previous individual experience.
Regarding the relationships between the components of attitudes and 
satisfaction, it may also be informative to examine recent treatment given to 
participation and a proposed framework for the participatory ergonomics initiatives 
(Imada, 1991; Imada and Nagamachi, 1995; Haines and Wilson, 1997; Haines and 
Wilson, 1998). For instance, Haines and Wilson (1998) proposed a working model 
illustrating the potential role of ergonomics through participatory approaches, in which 
participation may influence the initiatives to tackle different issues in the workplace. 
These issues may be exemplified by work organisation stressors that may have effects 
on attitudes.
As a tool for designers and managers, participation has been applied as an 
useful approach, for innovation and changes in the work environment. Also, 
participation provides a means to manage complex transitions in technological 
changes, by making workers more acknowledgeable about their jobs, more committed 
to the changes, and less threatened by the change activities; increasing job motivation, 
satisfaction, and trust.
The requirements needed to bring about explanations addressing participation 
and attitudes in real situation raised the attention to the approach to be adopted. 
Extensive research has driven this study by working on a different approach in human 
sciences in which there is room for active individuals and the investigation in 
naturalistic settings. Thus, there is a need for analysis of ordinary language outside the 
laboratory and for the important insight of the symbolic systems existing only in 
people’s inner feelings.
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1.1 Objective o f the study and problem definition
The primary motivation for this research is to develop an understanding of how 
the workers’ participation may influence their attitudes, intentions and behaviour 
towards the technical system. The potential effects of participation stem from the 
assumption that the component structure of the attitude construct is conceived at 
individual and organisational level. This study is focused on the individual’s attitude, 
on the basis of the commonly accepted notion in attitude theory literature that feelings 
experienced in reaction to an object are indicative of individual’s attitude to behave 
towards the object of concern. This study addresses the different interactions in the 
work environment that may responsible for shaping attitudes from the worker- 
organisation perspective.
The research question is how the participation into the design process will 
influence the workers’ attitude and trust in the design of the new workstation. Does 
participation into the ergonomic improvements influence the acceptance and trust in 
the new workstation design? To this end, the examination of relationships between 
satisfaction and attitude were regarded as worthwhile. Additionally, a subjective design 
attributes evaluation was devised to be confronted to a previous study on workers’ 
design preferences, providing an attempt to understand satisfaction with participation 
in design decisions.
The manner to measure attitudes strength of satisfaction with participation in 
the design of the workplace follows similarly to those applied for job satisfaction. 
Questions that may be pursued include several issues at individual and organisational 
levels and the identification of the moderators of these relationships.
For instance, exploring, at individual level of analysis, the possible effects of 
professional skills and knowledge, job experience, socioeconomic status and, at a 
higher level of analysis, the possible effects of organisational culture, internal rules, and 
even beyond the boundaries of the organisation such as labour market and competition.
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In particular, this research seeks to extend the model of attitude to behave 
towards an object, and apply it to the relationships between the user's participation and 
involvement in the design process of the workstation with which they work.
The study has taken Fishbein’s Model of Attitude (Fishbein, 1967; also Ajzen 
and Fishbein, 1975) and Muir’s findings relating to trust between human operator and 
machines (Muir, 1989). A new model for this relationship is offered {Chapter 4), by 
translating the possible relationships between attitude and trust from their proposition.
Fishbein in his initial model demonstrated that an individual's attitude towards 
any object can be predicted from the knowledge of the person's beliefs about the object 
and the evaluative aspects of those beliefs. When his extended model, here amended 
to the trust concept as defined by Barber (1983) and Muir (1987, 1989), is applied to 
the attitude towards a behaviour, rather than an object, the model involves a set of 
expectations (E.) about the consequences of performing the act and the subjective 
evaluation of these consequences (Ajzen, 1971).
The assumption of the present study includes attitudinal changes in two 
different sites, where design interventions took place adopting different styles of 
management for engineering design. They were captured in two different in points in 
time and also by accumulating information in a longitudinal manner from individuals 
facing different approaches in the management of engineering projects for offshore oil 
rigs in the oil and gas exploration and production (E&P) industry.
Motivated by the opportunity to undertake qualitative measures in real settings 
and the need for studies on the effect of participation in the design process, a 
qualitative approach for attitude to act as a function of beliefs and level of confidence 
in the technical system has been proposed. The workers’ participation, as an external 
variable, may influence this relationship, producing different behaviours towards the 
technical system.
Therefore, the present study was designed in an attempt to understand an 
important part of the subjective experience when the users are involved in the (re) 
design of their workplace; and how they perceive, know and behave towards the work 
environment, especially if limited consideration is given to these more personal 
experiences.
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1.2 Participation, trust and attitudes
Considering the reasoning on attitude formation process and the existing 
assumptions in the approaches of the participatory management, a step further was 
intended with respect to attitude, trust, and participation relationships. It is proposed 
in the present study that an active participation into the situation of concern may 
influence the individual’s attitudes and confidence in the system, and the evaluated 
consequences of a specific behaviour. It was expected that participative experiences 
might influence beliefs, attitudes, intentions, and behaviour towards the system or 
object of concern.
Some studies are concerned with participation in many areas of social 
psychology and associate participation to the problem of decision making and job 
attitudes (Ruh et a i, 1975; Steiner, 1972). Firstly, the participation by taking different 
forms, such as contact and interaction with other people, choice between several 
alternatives, a technical opinion in favour of some design attribute, or operational 
requirement, may influence behavioural attitudes.
Secondly, according to Barber (1983), "social relationships and systems 
develop both functional alternatives for their various structures mid complements that 
work together with any given structure in order to enhmice the possibility o f achieving 
desired consequences". These decision-making issues and functional alternatives relate 
to the expected utility models (Rosemberg, 1956; Peak, 1955; Vroom, 1964).
According to this theory, when individuals have to make a behavioural 
decision, they will select that alternative which provides the highest subjective 
expected utility. Through social pressures an individual is led to comply with 
expectations to behave from important others. Also, subjective expectations of moral 
obligation and fiduciary responsibility may influence the individual’s behavioural 
attitudes.
The social pressures on the individual, which lead to a motivation to comply, 
involve two basic elements: (1) The individual’s expectation of fiduciary responsibility 
and moral obligation to commit themselves to perform the behaviour of concern, (2) 
The trust in performing that behaviour, which will provide positive outcomes
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according to the referents. The dependent variable considering the motivation to 
comply is either an attitude, an intention, or trust (as a set of beliefs) that is assumed by 
the individual.
The investigation of individuals' attitudes may reflect, therefore, a subjective 
view of the world, but these beliefs are valid and form the core of individuals' personal 
orientation of their own relationships in the workplace. Individual behaviour, 
intentions and attitudes in the work environment may be also likely to be influenced by 
the role that the worker has in respect to team and management opinions. These may 
relate, for example, to the decision making process in a specific sub-task.
Diverse forms of behaviour are generated, therefore, by beliefs, attitudes, and 
value systems that are held by a particular group. The pictorial situation for user's 
participation in (re) design by introducing new technology, and worker's feelings, 
intentions and attitude before and after an intervention is well illustrated by Zuboff 
(1988):
"...,/ sometimes asked them to drau> pictures that represented their ’felt sense’ o f their 
job experience before and after the conversion to the new computer system" (Zuboff, 
1988, p.141).
’’They had been pressured into trusting a medium that initially evoked suspicion, 
doubt and frustration. Some came to embrace the new circumstances as an 
opportunity to escape from physical effort. Others took pride in discovering the new 
modalities through which they could ha\>e effects, and they found that the reduced 
physical requirements o f the computer control room provided an extra measure o f 
pleasure" (Zuboff, 1988, p.292)
Figure 1.1 below illustrates such a condition.
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Fig. 1.1 Working Model for Participation Levels and Attitudes, and the 
Design Process (Silveira, 1998)
1.3 The Design process: Designing technical systems
In its broadest sense, engineering design is the creative process which is based 
on prescriptive and descriptive models (Sears and Auld, 1976). Both the prescriptive 
and descriptive models are offered as a rational and systematic framework. Many 
design process models in the form of diagrams have been developed to try to 
characterise the design process and so provide the engineering design with a defined 
procedure for applying existing design techniques (Ertas and Jones, 1993).
9
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For prescriptive models the framework consists of a number of steps which 
start with the identification of the essential problems and finish with the design being 
elaborated in greater detail.
Descriptive models incorporate a description of the manner in which each 
particular design activity is developed (Ertas and Jones, 1993). This framework is a 
top-down technique which includes a functional decomposition of design activities 
(Sears and Auld, 1976; McCafferty, 1995).
In fact, systematic design does not imply a step-by-step process, it should be 
intended as a framework for a complete engineering design process in which the 
management efforts have freedom to move about, dovetailing many requirements and 
tasks to maintain the overall progress and effectively apply design techniques 
(McCafferty, 1995).
Designer engineers tend only to rely upon their experience and judgement, 
rather than participatory approach to find the best solution. This choice actually takes 
place within the design process most of the time. Indeed, in the initial stages of the 
design process, heuristics are used extensively in engineering design to support certain 
design decisions.
For large and complex technical systems such as drilling installations, 
particularly offshore oil rigs, it is apparent that a number of mismatches exist between 
the design models adopted in their development and the actual design practice (Bea 
and Roberts, 1995). This is mainly due to the fact that heuristics play an influential 
role in the design of oil rigs.
The oil industry environment influences what happens within the company, and 
hence what happens within an engineering design project (Miller, 1990). Most of the 
design work undertaken in the of offshore oil facilities consists of either adaptive or 
variant design. Adaptive design involves adapting a known system to a changed task, 
whereas variant design encompasses the variation of arrangement or size of a specific 
system, maintaining the function and solution principle (Stoop, 1990).
The assessment of design solutions for oil rigs, especially when new 
technologies and automation have been introduced, requires the design engineer to use 
very crude representations of information in the early stages of development, but tend 
to be conservative in terms of ‘traditional’ design solutions. This infers, at least in the
10
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case of drilling installations, that participatory approaches that might introduce a large 
number of possible candidate design solutions, whatever the subsequent selection of 
the most promising alternatives, does not often occur.
Changing attitudes in the design practices imply a proactive approach towards 
the development of design solutions. This approach is two-fold: in design no more 
should be specified than is absolutely essential, but it is necessary to be quite precise in 
identifying what is essential. The growth in international competition and the demand 
by users for a better quality and safer product has driven changes in management 
thinking (Lement and Harwood, 1992), and in the design of the production systems.
One way of dealing with an effective treatment of design options according to 
the users’ needs is to challenge design solutions through the involvement and 
participation of the users. This may result in claims that the design process is being 
expensively delayed, or that it will work against a company’s operating practice or 
criteria for allocation of function. However, those who need to relate to the technical 
system to carry out their responsibilities should have access to them and the respective 
design decisions of these systems.
In the prescriptive models, participation ensures a proper information flow 
among designers and users. It is consistent with the need, now increasingly accepted, 
for work systems to be designed in co-operation with their primary users, enabling 
them to exercise the power and authority on the system (Axtell et al., 1995, Clegg et 
a i, 1996). If designers opt for keeping the relevant knowledge of the system 
resources, the user’s learning process will be delayed. A lack in self-confidence and 
negative attitudes towards the technical system may be manifest by those engaged on 
its utilisation. They may deny to accept responsibility for their performance.
Well-designed technical systems tend to be accepted and their absorption into 
general application is a steadily increasing process, setting the standard until 
superseded by new developments or improved design solutions (Stoop, 1990). As the 
user’s expectations change with time and are not always in a predictable pattern, the 
need to meet the current user expectations is clearly required and a challenge for the 
engineering designers.
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1.4 Participation, attitudes, design and the hypotheses o f this study
Hypothesis 1 : Attitudes towards the new design will elicit positive behaviours among 
individuals with more perceived participation in the new workstation design.
Hypothesis 2: Participation will influence the individuals’ intentions to behave towards 
the new workstation design.
Hypothesis 3: Satisfaction level and trust will be higher among individuals with more 
perceived participation in the new workstation design.
1.5 The oil drilling work: Alternatives for its design
The steadily increasing complexity of the drilling systems posed by technology 
extensions and innovations, mainly by the offshore activities, instils a search for 
systematic approaches to the design process. The development of alternative 
approaches for the design of drilling systems is justified by the need for improved 
levels of productivity, quality and safety in these installations. New technologies and 
new design concepts have been necessary to reduce the human efforts in the drilling 
work.
Within such a context there is a concern regarding the ergonomic and human 
factors inputs to the design of technical systems in the drilling activities. These inputs 
are distinct, but not dissociated from those provided by the operating and economic, or 
any other complementary input to the drilling activities. Design deals with the future 
and is, therefore, susceptible to random changes in the economic and technological 
environment. Important contributing factors to the design decisions are the socio­
technical issues and organisational aspects of the E&P activities, which a influenced by 
the oil market, particularly the drilling work. These issues may be stable at a particular 
time and therefore have little effect in the design decisions, but they can also change 
rapidly and leave the decision maker in a situation which require a prompt solution to 
the changes occurred.
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To understand the successful implementation of participatory approaches in the 
design as addressed in the present study within the oil industry; attention was given to 
the importance of user involvement and the perception of value to the operator, and 
how it determine the success of the initial design decisions. There is a concern for 
safety, reliability, and maintainability of the new design options for the drilling 
systems. Also, environmental issues due to the potentially catastrophic events in E&P 
activities, mostly attributed to human error, reinforce the concern about the user’s 
expectations towards the technical systems.
1.6 Naturalistic approach: Creating perspectives for the study
According to Meister (1999) the success in describing reality in human- 
technology relationship in ergonomics and human factors research is incomplete, no 
matter how detailed and comprehensive is the general statement to the overall 
problem. The initial problem in the present study was to gain a better understanding 
of attitudes and participation in design practices, and for analysing human factors in the 
real setting through the existing traditional approaches. It is difficult to represent 
reality as it occurs and it is perceived in situ. It gave rise to the need produce a more 
consistent and sensitive approach to the social process in this research.
Research is often categorised as qualitative or quantitative. The former
concentrates on words and observations to express reality and attempts to describe 
people in natural settings. In contrast, the quantitative approach grows out of a 
academic tradition that gives considerable trust in numbers that represent opinions and 
concepts.
The option to adopt a naturalistic approach to the present study (Bogdan, 
1972; Bruyn, 1966; Guba, 1978; Lincoln and Guba, 1985; Miles and Huberman, 
1984), is based on the assumptions concerning the nature of the facts and the 
epistemological phenomena translated for approaches in the real settings. The 
objective is not to develop a body of knowledge in the form of generalisations, but to 
provide a qualitative set of working hypotheses for the present study and further 
incursions through the development of shared constructions of the reality encountered 
(Kennnedy, 1979; Lincoln and Guba, 1985).
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As defined by Stake (1994), “qualitative approach is characterised by the 
main researcher spending substantial time, on site, personally in contact with 
activities and operations o f the case, reflecting, revising meanings o f what is going 
on” (p. 242). According to Johnson (1975), as a researcher starts to develop a study, 
the paramount attribute to produce a sensitive approach derives from his or her ability 
to interact with the data encountered. He added that it is common on the researcher to 
experience feelings of fear, apprehension, and confusion, mainly when the researcher is 
learning the context of the study.
The organisational aspects involved in the issues regarding participation and 
attitudes in large-scale setting such as the oil industry, guided the research concern to 
the problem of technological changes and social choices as a point of departure. The 
dynamics of technological changes and the workers’ participation through engineering 
design motivated the framework of the present research to the construction of realities 
on the management’s actions and choices concerning worker’s involvement in design 
decisions.
Participation’s effects on attitudes of those involved in the development and 
operation of technical systems may mitigate some impacts perceived by the workers in 
their relationship with the both production and organisational environment. Some 
studies analysed the complex dynamics and decision-making process and technological 
changes (Beach and Lipshitz,1993; Forrester, 1986; Bea and Roberts, 1995), 
concluding that specific aspects of engineering systems can influence specific aspects 
of work, both constraining and extending the range of choices available to the 
management, work groups and trade unions in the workplace.
In critical context, key groups are often able to exert an influence on the 
processes of technological change and on the skills and tasks of those workers who 
make use of the new technology. Since the workers are the motive force behind 
innovation and creativity, participatory approaches within the organisations can foster 
positives attitudes among employees. Participatory approaches may also find some 
new way to interact with workers, so that employees may see the benefits from 
contributing to problems which were previously claimed as the engineering design and 
management domain.
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In common with these ideas, the strategies to implement workers’ participation 
might be thought of as supported by three key aspect for the management of workers’ 
participation: commitment, quality, and flexibility.
Firstly, commitment drives the management strategies through an 
understanding that workers are the key resource to any organisation, and committing 
them to the goals of the organisation ensure future success in the company. Secondly, 
attitudes to quality deal not only with the quality of final product, but is equally 
focused upon innovation and improvement within the production process itself 
(Wilkinson, 1995). Thirdly, quality improvements imply some degree of flexibility, 
such that workers have the opportunity to experiment and to rethink their work tasks, 
requiring skills and experience gained over the experience in the day-to-day activities 
allowing them to identify opportunities for improvements.
In order to capture these issues in the operational and organisational 
environment several authors have recognised the potential explanatory power of 
naturalistic paradigm (Meister, 1999; Klein, 1989; Zsambok and Klein, 1997), and 
have used it to examine behaviour in organisations (Klein, 1993; Beach, 1993; Beach 
and Lipshitz, 1993).
The problem with traditional approaches is that the real life experiences tell us 
that this human-technology relationship must be more complicated than quantitative 
and qualitative approaches can translate. Naturalistic paradigm attempts the 
construction and communication of these real life experiences based on credibility, 
transferability, dependability, and confirmability of research findings (Lincoln and 
Guba, 1985).
1.6.1 Credibility in the naturalistic paradigm
Credibility is pursued through the interpretation of the realities that exist in the 
context being studied. More pertinent is the compatibility of the constructed realities 
from those individuals who are members of those settings. In real world human- 
machine interaction the arrangement of the variables in the operating environment do 
not occur at the will of the researcher (Meister, 1999)
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Lincoln and Guba (1985) proposed a series of strategies, which goes beyond 
the relativism of traditional qualitative and quantitative methods to capture the true 
value of their investigations and to provide credibility.
The first strategy is to implement a prolonged engagement of the researcher in 
the context being studied. The role of the researcher as participant in the operating 
environment may overcome the distortions. Bias may be on the side of the subjects or 
of the researcher. Studies have demonstrated how expectancies of both subjects and 
researchers may unintentionally influence outcomes (Meister, 1999). The effects of 
unusual or seasonal events can also produce impact on the context. Despite the 
recognition of these influences on the outcomes, relevant insight can be achieved.
The second strategy is associated to a persistent observation. This strategy 
attempts to provide the researcher with an understanding of the context in the same 
way that they are understood by the subjects (Erlandson, 1992). When different 
interpretations appear arbitrary, relevant depth can be obtained by consistently 
pursuing interpretations in different ways that yield new and valuable knowledge in 
conjunction with a constant tentative analysis.
Thirdly, if research conclusions are only interpretations of data, there may be 
multiple interpretations particularly where the data are relatively unexplainable, to elicit 
various and divergent constructions of reality. This can be accomplished through 
triangulation of information collected from different and distinct sources (Wulff,
1997)
The fourth strategy applied in the naturalistic approach consists in a broad view 
of the context being studied. It provides a supportive background for further 
constructions of the realities. The quality and adequacy o f referential materials in the 
data collection results in research products, which the power and convincing insights 
are in their own right, implicitly bringing trustworthiness with them. Videotapes, 
photographs and any other material from the context are valuable resources for 
analyses and alternative interpretations (Oppenheim, 1992).
Research findings raise questions about what kinds of effects the interpretations 
leads to. It can be submitted to a peer debriefing, which provides a review of 
perceptions and analyses from an expert outside the context, who is acquainted with 
the nature of the study, permitting a redirection the study, if necessary.
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To improve credibility of the outcomes members checks should be included 
through the appreciation by those involved in the context. Data and interpretations 
must reduce the conflict between the realities interpreted by the researcher and those 
involved in the context being studied (Lincoln and Guba, 1985, Wulff, 1997).
1.6.2 Transferability of findings in naturalistic inquiry
Transferability is another factor regarded in the naturalistic paradigm. It may 
be difficult for research in real settings to provide transferability of its findings in other 
contexts or with other subjects (Lincoln and Guba, 1985). There are limitations for the 
applicability of findings, because the contexts change over time as well as the subjects 
who are in that context. This transferability in a naturalistic study may be achieved 
through the correspondence between the two contexts confronted (Kennedy, 1979), 
which requires a thick description with sufficient detail and precision to allow 
interpretations from similarities, and a purposive sampling process (Guba, 1981).
Detailed descriptions with a richness of details must provide the means to bring 
about a clear idea of the context and judgement of the constructed reality focused in 
the study (Richardson, 1994). A thick description must enable the judge or those 
interested in the findings of the study to elicit situations similar to those if experienced 
by direct participation in the context.
Purposive sampling pertains to the degree that a method investigates what it is 
intended to investigate guided by a process that will provide rich detail. It purposively 
seeks the philosophical issue of what is truth by collecting the typical and divergent 
data in order to gain a representative picture from aggregate qualities (Wulff, 1997).
1.6.3 Dependability in the naturalistic paradigm
The social construction of valid knowledge is brought out in the naturalistic 
paradigm through the concept of dependability. In ergonomics and human factors 
research the repetition of individual studies, under experimental conditions, which
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provided the same results is called validation. If the same results are not achieved, it 
may be regarded as the measurement of reliability (Meister, 1999).
Although the dependability criteria do not exclude the importance of stability 
provided by reliability in real settings (Guba, 1981), its value depends on the quality of 
the procedures during the investigation, continually checking, questioning, and 
theoretically interpreting the built realities (Lincoln and Guba, 1985).
1.6.4 Confirmability and the naturalistic paradigm
In establishing means to confer trustworthiness to the outcomes of the research 
the methodology applied in naturalistic approach seeks to organise a systematic 
structure, which enables future verification of constructions, assertions and facts 
contemplated in the context being studied (Guba, 1981). There is no obligation to 
ensure means for non-contamination of results from the researcher, but the products of 
the study should enable the examination of data and the sources of data.
Confirmability facilitates the search for sources, identification of qualitative and 
quantitative tools applied in naturalistic studies, allowing to trace the logic used to 
assemble interpretations, explicit and implicitly, from the data obtained (Lincoln and 
Guba, 1985).
1.7 Overview of chapters 2-12
Since participation in the design process may be considered influential on 
attitudes to behave towards the system or object conceived by those involved, this 
study has been organised in two interconnected parts. First, by addressing 
participation and attitudes, this study focuses on the effects and significance of 
participation on attitudes towards the design of workplaces. It examines the 
individual’s side of the attitude and participation relationship when individuals are 
involved in design interventions. It comprises, from both the theoretical and 
methodological perspectives, the approach to the problem of user’s attitudes and the
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participatory process in engineering design. One way to gain insight to the individuals’ 
behaviour when involved in a participatory process is to find how participation affects 
attitudes. Secondly, by providing an incursion on the design of technical systems, 
proposes a qualitative measure for the users’ preferences for design attributes.
Chapter 2 provides an overall review of the literature regarding the two parts 
of concern of this study, participation and attitudes and the engineering design process. 
Given the aims of the present study, the review not only includes existing theoretical 
notions on attitude theory, participation, and design, but also case studies and methods 
of research applied to attitude and participatory design.
A distinction is made between perspectives of the importance of workers’ 
participation in design and the behavioural outcomes from workers’ attitudes towards 
systems which they do not trust. First, the main perspectives, such as participation in a 
decision-making approach and the attitude theory perspective, are described and 
evaluated. Then, the potential effects of participation on workers attitudes in the 
design process are reviewed.
Various types of research on participation are discussed. Given the existing 
approaches for participation and the state of the art concerning participatory 
ergonomics, an integrative research into participation, attitudes and the design process 
is considered as most appropriate for the objective of this thesis Several different 
techniques useful for design evaluation and users’ design preferences assessment are 
critically considered, such as the analytic hierarchy process, which involves experts 
opinions.
Chapter 3 describes the context studied. It specifies the characteristics of the 
organisation in which the study is developed, its policies for business, engineering 
design and technology management, and safety and health issues. The organisational 
structure of engineering design management is presented to characterise the context 
and the implications in the engineering design intervention. A brief profile of the 
workers, their jobs descriptions and tasks requirements involved in the drilling work 
was provided. Practical constraints in investigating the context are discussed, 
providing a flavour of the difficulties for the development of the study in real settings.
Also, it presents the delineation of the drilling tasks, identifying possible key 
elements and constraints useful for the design. Based on field observations, it provides
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insight to the problem of the drilling work organisation and allocation of functions 
among members of the drilling crew, particularly when introducing new technologies. 
This work analysis is intended to provide a basic overview of ergonomic factors on the 
drill floor and a starting point for user-centred approach for the driller’s work.
A model is proposed in Chapter 4 which attempts to understand the effects of 
the involvement of users in the engineering design process, and the consequent attitude 
of those users involved as a result of a participatoiy process. The contextual 
framework is an attempt to understand an important part of the subjective experience 
when users are involved in the (re) design of the workplace; and how they perceive, 
know and behave towards the work environment. The model addresses behavioural 
intentions in participatory design approaches which are assumed to mediate the user's 
overt behaviour based on the level of involvement and participation in the design of 
technical systems.
The assessment of satisfaction with participation and attitudes is designed and 
described in Chapter 5. An approach for the methodology is introduced and is 
directed towards the assessment of worker’s participation in the modification of the 
design of their workstation and the attitudinal outcomes. Attitudes are seen as a result 
of the degree of participation in the design decisions and the condition in which these 
decisions are implemented. How, and to some extent also why, design solutions are 
being adopted reflects the user’s participation in the design, their preferences and thus 
may be linked with user’s attitudes towards the system.
The findings with respect to satisfaction with participation and attitudes are 
reported in Chapter 6. The extent to which the level of participation, involvement in 
the implementation of design solutions, and confidence to work in a new work 
situation can be identified as contributory, is examined first. To examine whether 
different degrees of perceived participation which affect attitudes towards a technical 
system can be detected, the level of satisfaction and combinations of contributory 
factors such as beliefs, norms, referents, and job experience are also explored.
Chapter 7 provides a discussion on the results obtained from the interviews 
and tools applied in the participation and attitude assessment. Firstly, a comparison of 
the existing taxonomy of participation as reviewed in the literature and the evidence 
from the study is presented. Secondly, it provides a confrontation of the new model’s
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assumptions, hypothesis and study outcomes. In addition, an individual vs. group 
outcomes comparison is offered. Chapter 8 contains conclusions drawn from the 
subsequent data analysis and discussion of the outcomes of the field study with respect 
to satisfaction with participation and attitudes.
Chapter 9 addresses the design evaluation issues of technical systems. It 
focused on the problems posed by the technological changes, which introduce new 
design options for E&P facilities, particularly those in the oil drilling. This approach 
enabled the identification of pertinent information with respect to user’s preferences 
for future engineering design initiatives. The assessment of users’ design preferences is 
undertaken.
Since little appears to be known about the inference of participation effects on 
the user’s choices of design attributes, an additional study into this issue is included in 
this thesis. Initially, the focus of this study was to explore possible subjective design 
alternatives by users. To what extent do users agree on the preferences in design 
attributes of their workstations ? To answer this question fifteen operators were asked 
to classify twelve design attributes previously selected in a prior study.
Agreement on the design attributes, even applying three different tools to 
confront design preferences, was limited only to a few design attributes. The question 
arose as to why various operators indicated different sets of preferred design attributes. 
Therefore, the focus shifted towards a means for the identification of contributory 
factors including participation, by which the subjective selection can be made clear.
Chapter 10 shows the results of the design attributes assessment tool by 
confronting the outcomes from the three tools applied in the present study and 
presented in Chapter 9. After reviewing the results from the assessment of design 
attributes, it discusses these outcomes. A review of the task requirements in 
combination with the findings on the design attributes is carried out. The operators’ 
preferences for design attributes may have been influenced by individual skills, past 
experience, and heuristics. Heuristics for instance, which are rules they use in making 
decision in complex tasks, may lead to biased judgements towards design attributes. 
Hence, the variability of outcomes are evaluated with respect to their appropriateness 
for the aim of the present study.
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Chapter 11 provides a critique of the method applied in the present study, its 
limitations, difficulties imposed by the method designed for utilisation in real settings 
and the constraints encountered given the context studied.
The last chapter. Chapter 12, gives a general discussion of the findings of this 
thesis. It discusses the implications of the findings based on the evidence provided by 
the present investigation. Also, it contains general conclusions concerning 
participation, attitudes and the design process drawn from this research. In addition, it 
includes a perspective of practical implications regarding design for safety and 
ergonomics, and possible recommendations for future research.
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CHAPTER 2
Literature Review: Attitudes, Participation, and the 
Design Process
‘‘Where there is much desire to (earn, there 
o f necessity w ill he much arguing, much 
writing, many opinions; fo r  opinion in 
good men is hut hjiowCedge in the making
(John Milton 1608-1674; English poet)
2.0 Introduction
The scope of the literature review that introduces new data about workers' 
participation into technological changes in the workplace may be considered 
multifaceted. The attitude theory has provided both a starting point for the present 
study and a main source of confrontation of the results. Despite a wealth of 
knowledge in the field of ergonomics and human factors, there is a relatively narrow 
perspective, when providing scientific references as an introduction to ergonomics 
related to the work within the oil drilling industry. The main goal of this review has 
been to integrate data and results in order to provide; (1) problem formulation with 
respect to the initial hypotheses, (2) a theoretical and empirical basis for the proposed 
study, (3) definition of the variables, and (4) appropriate methodologies of closely 
related issues.
By exploring the issues concerning engineering design and attitudes an 
overview of past research was undertaken, attempting to integrate what others had 
said in relation to the design of complex systems, attitudes, and worker's participation. 
Initially a review of the literature relating to the effects of participation, organisational 
behaviour, and design management was carried out. As a result, overall conclusions
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were drawn from the many separate studies regarding the design process, attitude, and 
worker's participation. These studies are believed to build bridges between related 
topic areas, by identifying central issues or closely related hypotheses.
2.1 The criteria adopted for literature review
Before discussing the findings from the scientific and technical literature it is 
important to define the criteria adopted in order to undertake this review. Every 
research project in ergonomics involves the investigator searching out previous and 
related investigations. Without this step, an integrated, comprehensive picture of the 
correlated issues cannot be drawn. The approach for this review has been designed to 
consider the empirical application of results to a specific area of the oil industry: the 
drilling activities. The scarcity of scientific references in ergonomics with respect to 
the drilling work required a systematic examination of the literature.
This literature review is organised in a series of four topics related to the main 
goal: (1) the workers participation and ergonomics, (2) approaches to the design 
process, (3) workers attitude towards the work environment, and (4) methods suitable 
to assess workers' attitudes and participation in ergonomic design improvements in the 
workplace. The literature on participation, the existing design methodologies, and the 
attitude theory has guided the considerations in order to identify needs for research. 
An overview of each topic is given first, followed by a discussion about methodologies 
and case studies addressing each topic.
The present review has been conducted in order to establish the basis for the 
development of a framework encompassing attitudes and the individuals interactions in 
the complex systems domain, and to critically consider the major available methods of 
participatory ergonomics in design. A number of widely used cataloguing systems 
were accessed, including 'Ergonomics Abstract', Bath Information Data Service 
(BIDS); the University of Surrey on-line catalogue; the British Libraiy Document 
Supply; Psychlit database, the NIOSH data system, and 'Petroleum Abstracts', to 
identify the main body of literature in the field. Other material were obtained via 
personal contacts and visits. Searches of the leading journals and conference 
proceedings completed the review.
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The criteria adopted in order to include the references in the review accordingly 
the six topics were:
• Methods of design integrating user participation within the design process;
• Methodologies for a subjective design evaluation applicable to complex systems 
and automation;
• Technical literature within the oil industry addressing attitudes or user participation 
in the design process,
• Descriptions of participatory ergonomics and participatory design experiences;
• Theoretical issues concerned with attitudes and trust in technical systems;
• Methodological issues related to the measurement of attitude and behaviour in 
technical settings;
By drawing from a wide variety of sources and gradually refining the 
substantial number of influencing factors suggested in the literature, it has been 
possible to identify a condensed set of factors considered to be of importance with 
regard to participation effects on users in engineering design. To make the list more 
manageable, it has been broken down into groups such as: participatory ergonomics, 
sociotechnical aspects, attitudes, and design process management. These groups form 
a sufficiently coherent set, in accordance to the objectives of the present study, for 
assessing the effects of users’ participation in the engineering design process.
2.2 The workers’ participation and ergonomics
Participation has been hypothesised to promote commitment and satisfaction to 
the results of the participatory processes, fostering a sense of identification with the 
organisation, and thus exerting observable influence on the participants’ attitudes due 
to presumed motivational effects (Trist, 1981; Macy et a/., 1989). Researchers have 
attempted to explain this relationship by developing systems for categorising different 
forms of participation (Cotton et a i 1988; White and Ruh, 1973; Ruh et a i, 1975).
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Research on participation generally supports the notion that most workers say 
they would like to have more influence over task-related aspects of their work 
situation than they see themselves as having. Some of these findings of participatory 
research reflect an interpretation provided by Locke and Schweiger (1979) that the 
influence of participation not only motivates employees but enables cognitive growth 
and awareness through the transfer of knowledge among individuals who might not 
have suitable ways for sharing information.
The effects of participation were studied by Latham et al. (1994) from a 
motivational framework, which assumes that effects of participation are increased via 
commitment, and a cognitive framework, which suggests that these effects are 
empowered through trust, information change, and task strategy. Recent studies 
(Scully et al., 1995, Latham et al., 1994) suggest that the benefits of participation on 
employee attitudes and behaviour may be based on a cognitive framework rather than a 
motivational one.
Participation may take different forms (Cotton et at. 1988). In occupational 
settings an opinion in favour of some design attribute, or operational requirements of 
the workstations, may influence the individual’s behavioural attitudes at work (Ruh et 
a i, 1975; Macy et al., 1989). Also, the individuals involved in a participatoiy process 
may experience a motivation to comply (Barber, 1983), which involves two basic 
elements: (1) The individual’s expectation of fiduciary responsibility and moral 
obligation to commit themselves to perform the behaviour of concern (Heckscher, 
1995; Barber, 1983); (2) The trust in performing that behaviour which may provide 
positive outcomes according to the referents such as co-workers, supervisors, and 
managers (Jackson, 1983)
However, whether or not engaged in participatory activities, the individual’s 
perception of fiduciary responsibility may be influenced by the social pressure and 
referents. The literature identifies three models of participation’s influence on 
satisfaction: cognitive, affective, and contingency. These three models are not 
mutually exclusive and each of them emphasises different functional effects. The 
participation’s effects based on the cognitive model suggest that participation enhances 
the information flow within organisations (Heckscher, 1995)
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2.2.1 Ergonomics
Ergonomics is "the scientific discipline concerned with interaction between 
humans and artefacts and design of systems where people participate" (Helander, 
1997:952). The main purpose of ergonomics is design, and "may have more in 
common with engineering, which is also design oriented" (Moray, 1994). Some 130 
definitions of ergonomics are discussed in a report by Licht, Polzella, and Boff (1991). 
The emphasis on how to adapt the work to the human resulted in a large body of 
research concerned with selection, classification and training human operators. The 
current approach is of fitting the task to the person, emphasising ergonomics design of 
environments and artefacts.
In Europe and the United States ergonomics flourished steadily, starting 
around the mid 50's. The evolution of ergonomics in the United States came from 
military problems, and developed from experimental psychology and systems 
engineering. In Europe, on the other hand, the ergonomics focus was on the well 
being of workers, starting with industrial applications.
Through the industrialisation process, ergonomics has proliferated in other 
continental areas such as Asia, Latin America, and Africa. The growth of ergonomics 
in those areas is, however, still not sufficient to tackle the problem as a result of rapid 
industrialisation. The issues concerning anthropotechnology (Wisner, 1995), which 
include the technology transfer from the Western world, must consider not only the 
adaptation and use of machines but also the entire infrastructure of the global market 
(Helander, 1997).
2.2.2 Participatory ergonomics
The concept of participatory ergonomics originated in Asia at the beginning of 
the 1980s (Imada el a/., 1986, Imada, 1991). Wilson (1995) defined participation in 
an ergonomics context as 'the involvement o f people planning and controlling a 
significant amount o f their own work activities, with sufficient knowledge, and power 
to influence both process and outcomes in order to achieve desirable goals' (Wilson, 
1995a).
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Participatory ergonomics is the application of ergonomics through principles 
and concepts to the design process and work activities by individuals who are part of 
the work team and end-users of the system (Imada et ai, 7986, Czaja, 1997). Vink et 
al (1992), when reporting the results of an IE A Congress round table session in 1991 
observed that a theoretical framework for a complex concept involving a number of 
different dimensions is still missing; concluding that there is no single, unifying model 
for participatory ergonomics. A comprehensive framework for participatory 
ergonomics has been proposed by Haines and Wilson (1998).
There seems to be a number of dimensions across which any participatory 
ergonomics initiative might be defined (Haines and Wilson, 1997, Haines and Wilson,
1998). In practice, participatory ergonomics programmes reported in the literature 
have a variety of different structures. Liker et a l (1989) proposed six models of 
participation and each one is a combination of two dimensions. The first dimension is 
based on the work of Vroom and Yetton (1973), which outlines three modes of 
participation:
• Where managers make decisions having consulted with individuals;
• Where managers do the same having had group consultations;
• Where managers and staff negotiate joint decisions.
The other dimension comes from the organisational approach proposed by 
Coch and French (1948) where a distinction is made between direct and representative 
participation. For these conditions the worker contributes as an element in a 
consultative process (direct participation) or as the group's spokesperson 
(representative participation).
Wilson and Haines (1997) summarise the existing understanding of the 
dimensions of participatory ergonomics as the following: level, focus, and purpose, 
related to the strategy for participation within the organisations; and timeline, 
involvement, coupling, and requirement regarding the criteria for application. Table
2.1 shows the proposed dimensions and scales for participatory ergonomics.
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Dimension Scale
Level
Focus Organisation—»Work System—» Jobs--^Workstation—» Product
Purpose Work organisation——» Design---------- ----------» Implementation
Timeline
Involvement Full Direct------------ —»Partial Direct —---------- Representative
Coupling Direct------------------ ------------- » Remote
Requirement »iicicsadry
Table 2.1 Dimensions of participatory ergonomics (Wilson and Haines, 1997)
In many papers on participation ( e.g. Imada et a/., 1986; Noro 1991, Imada, 
1991), benefits and advantages of participative approaches have been demonstrated. 
Many advantages of a participative ergonomics approach are implicit, and can be 
practicable in different cultural settings in the intimate connection between ergonomics 
and participation (Jensen, 1995; Wilson and Haines, 1996). Reported views in which 
researchers address participation often suggest that participation is always the best 
approach (Pikaar et a l, 1990; Bemoux, 1994; Axtell, et. al, 1995; Axtell, et.al, 1997; 
Wilson and Haines, 1997).
Table 2.2 shows generic examples of participatory ergonomics described by 
different dimensions of participation.
Dimension User testing 
for Product 
or HCI
Self-directed 
Work Teams
Safety
Representatives
Participative
Management
Programs
Level Micro Micro + Macro Micro(in Macro) Macro
Focus Product Jobs/Work systems General General
Purpose Design Work Organisation Implementation Implementation
Continuity Discrete Continuous Discrete Continuous
Involvement Representation Full direct Partial direct Full/Partial
Direct
Coupling Remote Direct Direct or Direct &
Requirement Voluntary Voluntary Remote Remote
(imposed?) Imposed Voluntary
Table 2.2 Generic examples of participatory ergonomics described by different 
dimensions (Wilson and Haynes, 1997)
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Participation of whatever type and at whatever level is rarely easy to promote 
and support. Its misapplication may even produce poor results, including the refusal of 
many people to participate (Neuman, 1989) and resistance to participative approaches 
on different levels and focuses in the companies (Klein, 1989, Eklund, 1997). For 
instance, the misapplication of participative approaches, either at this time or into the 
future may affect workers attitudes and the system's performance (Wilson and Haines, 
1997). Resistance to participation links with a broad group of problems and 
drawbacks, those related to the readiness or willingness of people involved. This 
might be associated with individuals’ lack, or feeling that they lack, knowledge, skills, 
ability to contribute, and technical training (Groover, 1996; Garrigou et a i, 1995).
The misuse of participative approaches may partially explain the participation's 
ambiguous tradition within industrial relations as stated by Forrester (1986). 
According to Fuchs-Kittowski and Wenzlaff: "As long as participation is long 
concerned with expropriating the knowledge from those concerned... with acceptance 
(the ability and readiness to accept optimum utilisation), and with efficiency... the 
interest is solely that o f the management and o f system developers employed by i f  
(Fuchs-Kittowski and Wenzlaff, 1987, p. 5). The participative scheme towards 
ergonomics is subordinated to the general co-operative climate in the firm. In a climate 
characterised by negotiations of demands, it is very difficult to establish a participative 
approach based on joint effort in problem-solving (Jensen, 1997)
It might be that resistance is not only forthcoming from trade unions and the 
workforce. Management can also see participative approaches as a threat and an 
intrusive action to their right to manage (Mumford, 1991). Outlined by Amstein 
(1969) and quoted by Wilson (1991, also Haines and Wilson, 1997) and Eklund (1997) 
the following participation "scale" was proposed:
• 1) User Control • 5) Consultation
• 2) Delegation • 6) Information
• 3) Partnership • 7) User therapy
• 4) Placating • 8) User manipulation
Some structural forms of participation, notably in Europe involve worker 
councils or employee representation. From the point of view of outcomes, the 
participation process affects the individual worker, the organisation, and even the
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external environment in which the organisation develops its business. Participation 
from the ergonomic perspective has been shown to result in lowered absenteeism, 
positive quality of working life and enhanced mental health as need for autonomy, 
responsibility, and job satisfaction are fulfilled (Jackson, 1983). These ergonomic 
benefits may be extensive in its implications and may concern decisions about 
organisational policy and profits (Macy et. a l, 1989), and deliberation on specific 
aspects related to risk in the workplace and safety practices (Llory, 1996). Also, it is 
possible to establish an interpersonal participatory practice in which superiors are 
personally responsive to the ideas and suggestions of subordinates in an informal way, 
whereby an outgrowth of the values of members or a prevailing trust in the 
management is consolidated in the organisational culture.
However, Neuman (1989) provided some explanations of why people do not 
get involved in participatory initiatives in organisations. The argument is based on the 
structure and environment of participation itself rather than from the perspective treat 
of personality or job attitudes. Neuman (1989) advocated that there are structural, 
relational, and societal determinants for non-participation as shown in Table 2.3.
Structural and environmental explanation for non-participation
Structural
Relational
Societal
- The organisation is not suited to
participation
■ Centralisation of the decisions
■ No support from job designs and 
training
■ No existence of rewards systems
- Poor industrial relations management
■ Strictly hierarchical structure and 
conflicts
■ Poor and discouraging 
management
■ Trade union and management 
relationship
- Challenge of deeply held set of
Beliefs
■ Personal strategies for conflict 
avoidance
M Organisational culture__________
Table 2.3 Structural and environmental explanation for non-participation (after Neuman, 
1989)
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Participation is widely regarded as an essential part of system design 
development and as a means of promoting the user's knowledge relating to the 
application domain and may be included within the final system (Chems, 1987). 
Participation of users can lead to better design as designers gain knowledge about 
user's practices and anticipated use situations. This is particularly important for the 
design of systems for in-house use (Eason, 1982; Rouse and Cody, 1988).
The rapid development in computer technology and automation has directed 
research toward optimising the human-machine interface because of its complexity. 
The primary emphasis at the interface level in human-machine systems is on processing 
information where both the human and machine components interact in cognitive 
activities. Generally, the design of complex systems requires the involvement of many 
individuals with different types and levels of knowledge, who must consider and 
integrate technical information at each stage of the design process and make design 
decisions (Czaja, 1997)
The literature on successful application of participatory ergonomics is 
composed of case studies. A number of authors have highlighted experiences and 
initiatives, describing how members of ergonomics committees or problem solving 
groups operated by applying different methods and techniques. Some of these 
methods and techniques are presented below in Table 2.4.
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Method or Technique Primary Purpose Reference
Task force Participation organisation Liker et al., 1991; Wilson, 1994
Change management process Participation organisation Buchanan and Boddy, 1992
Team formation Participation organisation Kuorinka and Patry, 1995; 
Caccamise, 1995; West, 1994
Team training Preparation and support Gjessing et al., 1994
"Train-the-trainers" Preparation and support Corlett, 1991; Silverstein et al., 
1991
Stakeholders analysis Preparation and support Burgoyne, 1994; West, 1994
Task analysis. Functional task decomposition Problem analysis Kirwan and Ainsworth, 1992, 
McNeese et al., 1995
Work studies techniques Problem analysis Kuorinka and Patry, 1995; Noro, 
1991
Statistical analysis measurement Problem analysis Liker et al., 1991
JDLC chart Problem analysis Nagamachi, 1991
Posture analysis tool Problem analysis Nagamachi, 1991
Pareto analysis Problem analysis Imada, 1991
Cause-and-effect diagram Problem analysis Imada, 1991
"Five ergonomics view point Problem analysis Noro, 1991
Link analysis Problem analysis Imada, 1991; Kirwan and 
Ainsworth, 1992,
Activity analysis Problem analysis and 
situation prediction
Garrigou et al., 1995
"Quality circles" Problem analysis and idea 
generation
Nagamachi, 1991
Round robin questionnaire Creativity stimulation and 
idea generation
O'Brien, 1981; Wilson, 1991a
Word map Creativity stimulation and 
idea generation
OBrien, 1981; Wilson, 1991a
Silent drawing assessment Creativity stimulation and 
idea generation
O'Brien, 1981; Wilson, 1991a
Brainstorming techniques Idea generation and 
concept development
West, 1994
Focus groups Idea generation and 
concept development
Caplan, 1990
Shared experience events Idea generation OBrien, 1981
Delphi technique Idea generation and 
concept evaluation
Linstone and Turrof, 1975
Interviews and questionnaires Problem analysis. Idea 
generation
Oppenhein, 1992
Checklists Problem analysis and Rawling, 1991; Meister,
concept evaluation 1984;Sinclair, 1995
AKADAM Problem analysis concept 
evaluation
McNeese et al., 1995
Role playing and simulation games Idea generation and 
concept evaluation
Ruohomaki, 1995
Design decision group Idea generation and 
concept evaluation
Wilson, 1991a
Problem solving group Idea generation and 
concept evaluation
Wilson, 1995b
Story boarding Concept evaluation McNeese et al., 1995
Concept mapping Concept evaluation McNeese et al., 1995
Lay out modelling and mock ups Concept evaluation Wilson, 1991
"Metaplan" Process recording Frei et al., 1993
Table. 2.4 Methods and techniques in participatory ergonomics(Wilson and Haines, 1997)
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2.3 The sociotechnical approach for participation
The sociotechnical and organisational literature traditionally advocates 
participation as a means of improving employee satisfaction and productivity (Scully et 
a l, 1995; Miller and Monge, 1986; Hackman et a l, 1916, 1980; Mumford, 1983; 
Bravo, 1993), and increasing acceptance of change and the chances of successful 
implementation (Locke and Schweiger, 1979; Camevale and Wechsler, 1992). 
Participative decision making is also recommended when managers do not have 
enough knowledge or information to make a decision themselves (Vroom and Jago, 
1988). Within sociotechnical theory principles (Chems, 1976, 1987), highly 
participative work-groups are endorsed with control over the methods they use to 
conduct their work (Cordery and Wall, 1985). Involving employees in decisions about 
how they organise their work, is also advocated (Davis and Wacker, 1988; Blatti, 
1996) so that greater ownership and acceptance of new work systems is achieved. 
This approach may generate feelings of solution ownership, and promoting 
commitment to the changes among those affected and involved (Imada and Robertson, 
1987; Wilson, 1995a)
Participation has been deeply embedded in the Scandinavian tradition and the 
sociotechnical approach (Eklund, 1997; Jensen, 1997). The literature available in the 
sociotechnical area provide a well documented body of research and argues that 
workers' participation is a means of ensuring that knowledge will be preserved in the 
application domain. Aldrich et al. (1995), cited by Jensen (1997) have proposed a 
typology to differentiate forms of participation for employee participation as can be 
seen in Table 2.5.
Level Form of participation
1 Information from management to workers on plans for action
2 Gathering of information and experience from workers
3 Consultation where workers can make suggestions and personal views
4 Negotiations in formalised committees
5 Joint decision making in agreement between involved parts_________
Table 2.5 - A typology of participation (Aldrich, 1995)
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A basic distinction in participative approaches is whether participation is direct 
or representative. The design evaluations and test for usability are usually undertaken 
in laboratories. New products or simulation of workstations are evaluated, by 
adopting the representative approach which selects subjects from the general 
population in order to reflect the likely users. Representation sources in occupational 
settings might come from trade unions.
The participative approach might also be fully direct and partial direct. Fully 
direct participation occurs when all partners directly affected become participants. 
Partially direct participation involves a representative subgroup of those affected. 
Examples for fully direct are showed in interventions where the team shares decisions 
on how the workers will allocate new functions or review procedures in the plant or 
work process. Existing resource restrictions and a large contingent of employees may 
dictate the adoption of partially direct participation.
To clarify the different foundations of participative approaches, Knudsen 
(1996) combines the character of participation (direct or representative) with how the 
authority behind the scheme is established. The foundations of participative schemes 
can be based on legislation, collective agreements at national or at local levels, and 
finally on management decisions (Jensen, 1997), as shown in Table 2.6
Authority
Type
Established Agreements Management
Decision
Legislation General Local
Direct Participative
ergonomics
Indirect The Scandinavian Approach
Table 2.6 Classification of different types of participation (Jensen, 1997)
Some researchers in Scandinavia and other European countries have had a long 
experience with these approaches of participation in the workplace and the design 
process (Docherty et ah, 1987, Jensen, 1997). According to Spyropoulos (1996), 
within the European Community, the Scandinavian countries are characterised by the 
highest degree of consensus between the workforce, employers' management, and state 
organisations on national agreement and legislation towards direct and indirect 
participation. While settings in which participatory innovations first emerged differ in
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important ways from settings in other countries (Greenbaun, 1992), many of the 
fundamental issues are common across settings.
A broad discussion of participative techniques is made difficult due to the 
diversity of ways in which participation may be applied (Dachler and Wilpert, 1978). 
The role of tools and techniques may be considered as useful resources to integrate 
participants knowledge and skills to solve problems and make improvements at macro 
and micro levels (Imada and Nagamachi, 1995). It is evident that participation applied 
as a way of organising work activities at a macro level will require very different sorts 
of techniques from participative changes or analyses of a workstation at a micro level 
(Wilson and Haines, 1997). The benefits of participatory approaches have been 
demonstrated both for management (effective and accepted solutions and better 
motivation among employees) and for workers (their experience used, better working 
conditions and more satisfaction). An example is presented by Miller (1993): "Assume 
a new^  situation has arisen. The organisation through direct or indirect participation 
criteria could disseminate the information about the situation and outline several 
general approaches. These materials would be given to front-line people, along with 
time to examine them and access people who could answer questions and provide 
more details. Participation in groups would be voluntary, but all who attend would be 
able to make comments and offers suggestions. These inputs would be collected and 
aggregated and then incorporated into a revised and more detailed set o f alternatives, 
which would again be sent out for review*. The process would conthme until the 
leadership, management or the organisation determined that no new* insight w as 
being gained or a new solution was devised. They would then select a policy 
accordingly the results provided" (Miller, 1993, p. 39)
2.4 The Attitude theory: The workers’ attitude toward the workplace
There are inextricable ties between human needs and motivation (Maslow, 
1970; MacGregor, 1960, Herzberg, 1966; Locke et al., 1981; Beck, 1983, Steers and 
Braunstein, 1976); the relationship between them is so very close that it becomes 
extremely difficult to characterise them (Beck, 1983; Klein, 1989). Motivational factors
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and intentions initiate behaviour and direct it towards specific types of activities 
(McClelland, 1961; Deci, 1980; Landy, 1985).
The dynamism of the modem society in which technological developments, and 
social and cultural trends are established, affects the whole pattern of everyday social 
relationships (McClelland, 1961; Simon, 1992, Steers and Braunstein, 1976). The 
individuals' attitudes towards many objects and events may undergo considerable 
change because of social, technical, and economic constraints (Eagly and Chaiken, 
1993, Ajzen and Maden, 1986, McClelland, 1961). The cognitive content of attitudes 
is largely built up from the relationship with the environment, and interactions within 
social and occupational settings (Grossbart and Amedeo, 1979).
The importance of the participation of users in the design process and 
prospective modifications in their work environment has increased with the continuing 
introduction of technology into the workplace (Eason, 1988; Brôdner, 1994; Clegg et 
a l, 1996,). The workers’ attitudes towards new technologies, and the participation 
and worker’s involvement is well discussed by Zuboff (1988). One problem faced by 
ergonomists participating in systems design is convincing project managers, engineers, 
and designers of the value of incorporating ergonomics in to the systems design 
process (Wulff et al., 1997; Czaja, 1997). Changing the attitudes of those involved or 
changing other factors underlying behaviour (e.g. knowledge and skills) can change the 
behaviour of those involved and, therefore, promote safety in workplaces, stimulating 
the implementation of ergonomic improvements (Urlings et al., 1990).
For example, the risk management literature relating to the oil industry support 
the idea of a safety culture to designate a set of beliefs, attitudes, roles and social and 
technical practices that are concerned about safety (Rundmo, 1992a, Rundmo, 1992b; 
Fleming et al., 1998; Kouabenan, 1998).
Researchers in engineering design management suggest a design-for-safety 
methodology for large engineering systems in order to mitigate or eliminate potential 
accidents (Wang and Ruxton 1998). According to them greater safety considerations 
in the early design stages provide means for the prevention of many accidents even 
those involving human error. Miller (1990) discussed some managerial attitudes, 
which might explain the exclusion of ergonomics design from offshore structures.
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Despite recognition of users’ participation as a valuable contribution for design, 
little is known about designer who use ergonomics information (Meister and Farr, 
1967) and include the end-user on a collaborative basis. A collaborative design is a 
process through which all of the people affected by designing can become meaningfully 
involved in the design process (Pikaar et a i, 1990, Greenbaun, 1992). The key to 
collaborative design approaches, as Jones (1991) pointed out, is that 'the new methods, 
properly used, release everyone from the tyranny o f imposed ideas and enable each to 
contribute to, and to act upon, the best that everyone is capable o f imagining and 
doing' (Jones, 1991).
2.4.1 Attitude Theory: User’s behaviour and the design of complex systems
The concept of attitude (Fishbein, 1967, Fishbein, and Ajzen, 1975, Rokeach, 
1968; Rokeach and Kliejunas, 1972), as a dimension based on the social and 
psychological fields, should be considered carefully and it is of direct relevance when 
applied to technical and engineering design matters (Hacker, 1997). The development 
and use of technology as well as the shaping of organisational structures are the results 
of social needs, relations, and interests (Brôdner, 1994).
In the literature of the environment-behaviour field (Mehrabian and Russel, 
1974; Ittelsson et al. 1974; Sears and Auld, 1976; Groves and Kahalas, 1975), the 
reader is told of the need for psychology, or sociology, or ergonomics (Grossbart and 
Amedeo, 1979), but the need is not for these disciplines per se, but rather to make 
design more responsive to the needs and wishes of the design users (Rouse and 
Cody, 1988; Mitchel, 1993). Environment behaviour studies focus principally on the 
application of methods from the social sciences to an analysis of the quality of the built 
environment (Groves and Kahalas, 1975, Mitchel, 1993). In general, researchers in 
environment behaviour are not practicing designers, but hope that designers will 
incorporate their research results into their design. One central premise is that a wide 
range of available research data on people's behaviour (e.g. Fishbein, 1971, Fishbein 
and Ajzen, 1975; Steers and Braunstein, 1976, Rokeach, 1975; Klein, 1989,) is not
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being used by designers (Rouse, 1985, Jones, 1991), whose methods focus almost 
exclusively on the manipulation of geometrical shapes via drawings.
The Figure 2.1 shows the proposed relationship between factors that determine 
a person's behaviour, according to the Fishbein and Ajzen theory (Fishbein and Ajzen,
1975).
Attitude toward the 
behaviour
Relative importance of 
attitudinal and 
nonnative 
considerations
Subjective N om
INTENTION BEHAVIOUR
The person's beliefs 
that the behaviour leads to 
certain outcomes and his 
evaluations of these 
outcomes
The person's belief that 
specific individuals or 
group think he should or 
should not perform the 
behaviour and his 
motivation to comply with 
the specific referents.
Fig. 2.1 Proposed relationship between factors determining a person's behaviour 
(Fishbein and Ajzen, 1975).
The model proposed by Grossbart and Amedeo (1979) on feelings in 
environments is an example of an environmental design approach and, to some extent, 
addresses the feelings that users may have and how this might affect the user's attitude. 
The individual's environmental dispositions act like biases in the cognitive process, and 
affects the behavioural patterns (Lazarus, 1982). This results from the variables such 
as trust (see Muir, 1994; Lee, 1992, Riley, 1994), and attitudes (Fishbein and Ajzen, 
1975; Sears and Auld, 1976; Rokeach, 1968 ), with different strengths and intensities 
that an individual may have developed towards the work environment (Grossbart and 
Amedeo, 1979).
In short, feelings and reasoned actions are organised, and are long-term 
behavioural creations that find their form and shape in the behaviour and routines of
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the everyday life (see Fishbein and Ajzen, 1975, Duck, 1994, and Grossbart and 
Amedeo, 1979; for further discussions). The definition of the term attitude is regarded 
as a composite of three components, affective, cognitive, and behavioural, and has 
been usually applied in affective and cognitive constructs of the human relationships 
(Fishbein, 1975, Ajzen and Fishbein, 1980, Beckler, 1984).
The model of Attitude to Act developed by Fishbein (1967, also Fishbein and 
Ajzen, 1975) and its extended theory (Ajzen and Fishbein, 1980) may be translated 
into the design field, with an emphasis on the participatory approach and ergonomics. 
Also, possible contributions from other sources of research on behavioural and design 
addressing attitude and design (e.g. Urlings et al., 1990; Greenbaun, 1992) could be 
added.
According to Ajzen and Fishbein (1980), external variables can influence 
intentions and behaviour only indirectly by their effects on behavioral beliefs, 
evaluations of consequences of behaviour, social and moral beliefs, motivations to 
comply, or on the relative weights of the attitudes, and social moral obligation 
components. They assume that behaviours can vary in the action, target, context, and 
time elements. Changes in one or more of these elements may influence the attitude by 
leading to very different beliefs about the consequences of performing the behaviour of 
concern.
In the context of this research it may be assumed that participation in the design 
of a workstation, as an external variable, is related to a positive attitude towards the 
re-designed workstation. Individuals with different levels of involvement and 
participation during the design of ergonomics improvements may have different 
evaluations of the outcomes from the intervention undertaken. The differences in 
attitudes may be influenced by the strength of beliefs built up during the participatory 
intervention. Figure 2.2 shows these indirect effects as proposed by Fishbein and 
Ajzen (1980).
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EXTERNAL VARIABLES
The person's beliefs 
Â tha t the behavior leads 
I to  certain outcomes
Demoaraohic Variables 
Age, Sex 
Occupation 
Socioeconomic status 
Religion 
Education
Attitude toward the 
behavior
Evaluations of these 
outcomes
Relative importance of 
attitudinal and 
normative components
BEHAVIOURINTENTIONAttitudes towards targets
Attitude towards targets 
Attitude towards 
institutions
Person's belief that 
specific individuals or 
group think I should or 
should not perform the 
behavior
Subjective Norm
Personality traits 
Intoversion-Extraversion 
Neuroticism 
Authoritarianism 
Dominance
motivation to  comply 
with the specific 
referents.
‘ Possible explanations for observed relations between external variables and behavior 
Stable theoretical relations linking beliefs to  behavior
Fig. 2.2 Indirect effects of external variables on behaviour (Ajzen and Fishbein, 1980)
2.4.2 Attitudes, trust and the design of complex systems
Sheridan and Henessy (1984), Sheridan et a l (1983) proposed the hypothesis 
that operators' behaviour when interacting with an automated system is based on their 
reliance and degree of trust in the automation. The operators' comments in the survey 
results reported by Zuboff (1988) reflect three aspects of trust and attitudes towards 
automation: trial-and-error experience, understanding of technology, and 'faith'. Each 
of these dimensions plays an important role in both the development and changes of 
trust in new technology.
In common with many psychological terms, the word trust has many meanings 
and applications. Some of these have been applied and define the attitude and mood of 
people about a specific matter. Trust, faith, confidence, and belief are frequently used, 
for example, to define the public opinion about social areas such as family, business, 
politics, and professions. As Barber (1983) pointed out, one word is used to refer to 
different things, and different words are used to define the same thing.
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Beliefs were defined by Rokeach (1975) as inferences made by an observer 
about underlying states of expectancy. When a person says: "This I  believe..." "the 
obsemer may or may not be representing accurately what they truly believe because 
there are often compelling personal and social reasons (normative beliefs), conscious 
and unconscious, why they will not or cannot tell us" (Rokeach, 1975 p.2).
The effect of norm and beliefs has been observed by Lewis Mumford in The 
Myth o f the Machine. He says that just as a ritual is 'the first step towards effective 
expression o f the language, so taboo was the first step towards moral discipline' 
(Mumford, 1967).
Hence, the construction of relationships is based on various ways of 
manipulating our expectations about the future (Duck, 1994). Despite the multitude 
of concepts around trust, much of the basis of attitudes is founded in the organisation 
of behavioural routines that make up the day-to-day activities.
2.5 Participation and the design approaches
The purpose of the design activities is to match systems’ jobs, products, and 
environments to the physical and mental abilities and limitations of people (Chapanis, 
1995). The word 'design' has various meanings and associations. Design can refer to 
the outcome of an activity ( 'a design', meaning an idea or a plan from which an object 
can be made). The term 'design' is often misunderstood because it includes disciplines 
ranging from engineering, product and industrial design to fashion, textiles, graphics, 
interiors, and architecture. There are many models of the design process, frequently 
developed by specialists in one discipline or another, predominantly engineering design 
(Pugh, 1991).
Four basic stages of the design process can be identified as described by Rennet 
et al. (1988) and are shown in Figure 2.3 .
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Monitoring Planning
Implementing EvaluatingTransfer-design
'production'
Production,
installation
Launch
Delivery
Evolution-design
'refinement'
Idea refinement 
Concept generation 
Solution refinement 
Prototype 
development 
Design freeze 
design specification
Formulation- 
design 'origins'
Problem Investigation 
(Market and 
Technology)
Problem definition 
(Idea generation) 
Project Brief
Reaction-design 
outcome'
Evaluation of outcome 
against objectives 
Customer appraisal 
Product success
Fig. 2.3 Four stages in the design process (after Bennet et al., 1988)
These basic stages are, formulation, evolution, transfer and reaction. These 
four stages are very generic, and are therefore appropriate because they can be 
attributed to the design process involved in most design disciplines and elaborated 
upon for specific applications. The design process is not necessarily sequential and its 
success in a project, particularly in product development, occurs when activities run 
simultaneously or concurrently to some extent (Rouse, 1987; Meister, 1981). Design 
has been described as intrinsically linked with innovation (Simon, 1982) and treated as 
the "very core of innovation, the moment when a new object is imagined, devised and 
shaped in prototype form" (OECD, 1992, p.8). At the heart of technological 
innovation is design.
The design of the object is the specific configuration of elements, materials, and 
components that give it its particular attributes of function, and determine how it is to 
be made and used. Design decisions therefore affect not only non-price factors, such 
as product's performance, reliability, safety, usability, etc. A central premise of the 
academic view is that there is a particular way in which design should be pursued. This 
implies a normative path through the design problem space that designers should
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follow if they hope to produce optimal design results. All design activities involve the 
creative visualisation of concepts, plans, ideas, and the production of sketches, models 
and others representations of those ideas, aimed at providing the instructions for 
making something that did not exist before, or which did not exist in quite that form 
(which might be a machine, a workstation or a complete industrial process plant).
Figure 2.4 shows the interactions within the process of technological 
innovation and the design process proposed by Roy and Bruce (1984).
Manufacturing
Engineering
Research, Design and 
Development New products
Tooling and Industrial
engineering
Manufacturing 
start up
Basic Research and 
Invention
ConcepUlesign
prototype 
development and 
testing
t
.^Final product or 
design 
|  engineering j
The design/ 
development 
activity
Production,
marketing
and sales
t
After-sales, service 
and ^  
troubleshooting
Market research 
and 
testing
Test Marketing
Marketing 
Start up
Fig. 2.4 Process of technological innovation and the design process (Roy and Bruce, 
1984)
The engineering design - as with other designing activities, is a thinking activity 
towards technological processes and concentrates on two types of design tasks: ( 1) the 
design of completely new objects, and (2) the adaptation of given solutions to new
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requirements (Hacker, 1997). Engineering design is a working activity with a decisive 
economic impact on the development of innovative products and systems gaining new 
markets (Hacker, 1997). “The engineering design deals with problems employing 
more or less explicit design criteria which in its turn reflects certain underlying goals 
o f technical improvement and economic gain” (Langdon, 1995 p.159).
Considering different causes for deviation, one may argue that technology 
planners and designers do not follow the strategies and ergonomic considerations as 
defined in formal engineering and design methodologies. Where engineering design 
considerations do not provide an accurate description of the decision problem, by 
using ergonomics design guidelines one may go back to check the applicability of the 
specific function and the set of allowed actions. One observation by Clegg et a l 
(1996) argues that ergonomists have failed to provide methodologies, tools and 
guidelines to help designers.
The proper business of design research is to design ways in which users needs 
and wishes may become the central focus of the design process—not simply to repeat 
the mistake of the trend setters, by substituting statistical representations of abstract 
users for the theory of the universal man (Mitchel, 1992). The Figure 2.5 shows a 
proposed procedure for design and redesign of a system with respect to ergonomics 
criteria.
Analyse system
Formulate 
system s Goals
User Market 
Requirement
Designers 
Knowledge and 
Experience
Design New 
Systems
List Functional 
Requirements
Implement New 
System
Fig. 2.5 Procedure for design and redesign of a system (Chapanis, 1995)
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A wide variety of proponents of systems engineering and operations research 
have advocated approaches to design that emphasise top-down decomposition of 
design problems (e.g. Chapanis, 1995, Rouse, 1985, 1987).
The design work encompasses two main activities: synthesis and analysis. The 
synthesis stage is when designers use their expertise to come up with a design solution 
that satisfies the functional requirements (Cooper and Jones, 1995, Helander, 1997). 
To suggest appropriate design solutions, a combination of ergonomics and domain 
knowledge is required. The analytical methods can be undertaken through laboratory 
studies or studies of real-world performance (Liu, 1997).
A more promising approach based on ergonomic principles offers the analysis 
of working strategies for the design process whereby the participatory design process 
is considered (Schuler and Nanuoka, 1993). Before discussing these participatory 
design strategies in this literature review, it is important to bear in mind a few essential 
characteristics of the design process within ergonomics and man-machine systems.
2.5.1 The systems approach to ergonomics design
The concept of systems is both a theoretical construct and a methodological 
orientation (Eberts, 1994, Cjaza, 1997). A system is an organised association of 
elements in some structure, usually in a hierarchical manner, to accomplish missions, 
goals and objectives (Meister, 1981). The systems approach considers the interactions 
of all of the components of a system relative to system goals when evaluating a 
particular phenomenon (Cjaza, 1997). Usually, the study of ergonomics, including the 
design process is conceptualised within a systems approach (Helander, 1997). System 
design is usually characterised by stages in which various activities occur (Chapanis, 
1995, Cjaza, 1997, Roy and Bruce, 1984). Generally these activities are characterised 
as a 'top-down' process involving planning, designing, testing, and evaluating. It is 
mainly a time and cost constrained process, depending on the organisational and 
environmental requirements (Walsh et aL, 7992, Meister, 1981).
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Systems may be classified in accordance to their degree of automation, 
functions, tasks, hierarchical levels, feedback mechanisms, and combinations of 
systems elements (Meister, 1981). Different types of support are required for 
different type of systems and their inputs, the decisions they require, and problems 
associated with the variability of these inputs (Rasmussen, 1989, Wickens, 1992).
Systems can also be characterised according to the nature of the systems 
variables. There are two types of system variables according to Meister (1981): 
physical variables and behavioural variables. Behavioural variables are related to the 
operators’ requirements for accomplishment of the system goals, including task and 
functions. Also, behavioural variables describe skill and training requirements, and a 
number of interdependencies. Physical variables regard the physical and structural 
functions of the systems.
2.5.2 The design of man-machine systems
A human-machine system is the aggregation of elements based on some 
combination of human operator and machines to accomplish system goals and 
objectives. The characteristics of their internal and external boundaries define 
structure, inputs and outputs, processes and interactions of the human-machine 
systems.
Many of the problems associated with complex systems are attributed to the 
human elements of operating, maintaining and managing these systems. The common 
tendency is to answer this question with the assertion that people's inadequate abilities 
and/or poor attitudes represent underlying problems.
A much more frequent problem; however, is the performance of complex 
systems not achieving the design specifications or the user’s expectations (Rouse and 
Cody, 1988). For example, “one consequence o f the pursuit o f the automation dream 
has been that there are indeed fewer operators, but those that remain often do not 
ha\>e necessary hands-on experience o f actual operations" (Klein, 1993 p.2).
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The evolution of design grew from the desire to enhance the standard of living 
through increased productivity. The approaches applied to the design that involve 
human components have evolved to reflect the salient concerns of the industrial 
production and economics. For a brief overview of this evolution, the following design 
approaches and characteristics may be summarised and are shown in Table 2.7.
Design Approach Focus References
System-Centred
Design
Design of efficient 
technologies 
Higher productivity 
Systems development life 
cycle
Parkin, 1980; Semprevivo, 1982;
Konz, 1983; Leslie, 1986; Kendall and 
Kendall, 1988;
Organisational- 
Centred Design
Macroergonomics, 
Organisation, machine 
interface technology
Emery and Trist, 1960; Child, 1972; 
Perrow, 1967; Hendrick, 1986; 
Hendrick, 1995
User-Centred Design
User's roles, goals, 
operating methods, and 
Responsibilities.
User's needs and 
perceptions
Card et aL, 1983; Eason (1989); 
Rosenbrock, 1989; Bevan and McLeod, 
1994; Eason, 1995;
Socially-Centred
Design
Interaction between 
technological artefacts and 
users, Social interaction, 
Ethnographic studies, 
Effects at design stage and 
over the anticipated life 
cycle
Yetton and Bottger, 1983; Mumford, 
1967
Whiteside et ah, 1988; Grudin, 1990, 
Greenbaum and Kying, 1991; Sharrock 
and Anderson, 1991; Bevan, et aL, 
1994; Goguen, 1994; Jirotka et aL, 
1994; Wixon and Comstock, 1994; 
Hollingshead and McGrath, 1995; 
McLeod, 1992; Stanney et aL, 1997.
Table 2.7 The evolution of different design approaches involving human components 
reflecting the salient concerns of the industrial production and economics.
A successful approach to the design process should establish a dialogue that 
encourages the free and direct exchange of opinions and experience. It would be 
valuable for designers, for instance, to be involved in participatory evaluations of new 
production systems, and engineering conferences so that they become more clearly 
aware of the actions of the planners of technologies and users.
48
Participation. Attitudes, and the Design of Technical Systems Chapter 2
Within equipment manufacturing industry, designers should visit areas where 
their products are marketed and see for themselves the conditions under which their 
product have to operate or be consumed. Creative designers cannot fail to return from 
these explorations with a host of new ideas and bring into the engineering design new 
concepts, which even following an intrinsically engineering concept will be fitted with 
some insight from designers and users.
It is apparent that industrial products, as well as work environments need to be 
well designed, by adopting ergonomics considerations both internally and externally. 
The added values of an ergonomic style contribution towards a favourable innovation 
process.
2.6 Methodologies o f studies on workers’ participation, attitudes, and 
design
The organisational environment in the production systems has long served as a 
focus for research on participation and behavioural issues. For behavioural design 
principles the operational environment serves as the ultimate reality for human factors 
and ergonomics (Meister, 1999). The participatory process need to be structured in 
such way that those with knowledge and experience of the process and workplace 
design problem are involved. One reason is that the organisational environment 
usually involves the interaction of people and sophisticated technical systems (Stoop, 
1990), such as petrochemical plants, ships and offshore installations. These 
environments exemplify the dimensions of complexity in which design and work 
organisation inherently dynamic, differ of the demands encountered in experimental 
settings.
2.6.1 Participation: Methodologies and case studies
Several studies have demonstrated that a participatory approach, i.e., the 
worker's involvement in decision making, information sharing and problem-solving as a 
team, leads to a greater acceptance of changes. In addition, it provides an opportunity
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to introduce these changes in the earlier stages of the design, by using their own 
expertise domain; in the improvements and resources required by the users.
The quality of design is, in fact, based on the dialogue between workers, 
designers and engineers, on the interaction of objective and subjective views of the 
working process, and the confrontation of theoretical knowledge and practical 
experience made possible by the workers' participation.
Older el a i (1997) carried out an assessment of existing methods for task 
allocation which include among other criteria, the encouragement of the participative 
use of the method by itself. From sixteen methods investigated, seven of them 
addressed task allocation on participative use possibilities, according to the set of 
criteria prescribed in her study. These include hierarchical task analysis (Annett and 
Duncan, 1967) and human factors analysis of automation requirements (Williams, 
1988).
The user participation was assessed by Axtell et a i (1995) in the design and 
evaluation of a large administrative system by upgrading the existing computer system. 
The case study addressed the participation and user involvement in activities such as 
previous co-operative prototyping and usability evaluation.
In order to achieve an understanding of user behaviour a video record and 
posterior analysis were undertaken in addition to a range of other tools such as 
interviews, and evaluation reports. The results suggest that users are concerned with 
technical information as well as non-technical work, emphasising the need of both of 
these to complete their evaluation of the system.
Aardse et a i (1991) cited in Wulff (1997) reported a performance auditing 
system created within a drilling operation contractor in order to promote improvement 
in the safety program within the offshore oil rigs. Initial contributions for the design of 
the oil rigs included the review of the mechanisation level on the drill floor based on 
the analysis of accident rates. The auditing system identifies five categories for 
checkpoints: safety equipment, safety prevention and control, housekeeping, leadership 
and organisation, and quality assurance.
The drilling crew members were involved, participating in the analysis of the 
auditing report and the corrective actions. Although not all deficiencies were possible 
to be corrected by the drilling crew, they had to notify the supervisors until they were
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rectified. Thus, the responsibility for maintenance of the safety standards was shared by 
the individual and his supervisor. The company also provided an incentive scheme in 
order to motivate the participation.
A participatory approach for production systems was reported by Liker el al., 
(1991) in US and Japanese manufacturing plants, where the organisation of 
ergonomics committee in which the workers involved actively facilitated the 
implementation of improvements in the working process.
A participatory program for accident prevention was launched in 1987 for the 
first time in the drilling activities in Brazil (Silveira and Signorini 1995; Silveira, 1989). 
This program was developed to develop a safety awareness within the platform. It was 
aimed at reducing drilling accidents in a semi-submersible platform operating offshore 
areas in Brazil. The oil drilling had the worst record of accident within the 
organisation at that time.
The methodology applied behavioural tokens and workers’ suggestions for 
workplace improvement. The program promoted accident reduction after a year, and 
resulted in an increase in productivity. The results of this program showed that is very 
important a mechanism for worker’s participation in the analysis of ergonomic issues in 
the workplace.
2.6.2 Attitudes and the design of complex systems: Methodologies and case 
studies
Attitude towards machines is often expressed in terms of trust (Muir, 1994). 
Accounts of the interaction between operators and automation in complex systems 
from Halpin et al. (1973), Zuboff (1988), and Muir (1989) have critical consequences 
on the reliability of the overall system. These authors found that operator's trust is 
related to their acceptance of new automation. Sheridan ( 1980) explains how far trust 
in automatic control may be considered, and when reliance should be conferred on 
operator's judgement? Analyses of these system failures or performance shortfalls often 
attribute the cause of the problems to human operators. Sheridan provides examples
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from computer applications in commercial aviation to routinely use of these machines 
in hospitals, and large chemical plants by posing the question: "who is in charge here?” 
(Sheridan, 1980).
Will (1991) carried out an investigation with petroleum engineers in order to 
assess their reliance on an expert system to perform well analysis. Failures were 
introduced in the diagnosis provided through the expert system, and the results 
demonstrated that novice and expert subjects initially accepted the results as 
trustworthy. After that, one expert subject undertook a review analysis by hand to 
identify the error. With a significant outcome from the comparison of experts to 
novices, the results concluded that the experts could make the analysis just as well 
without the system.
Lee (1992) (also Lee and Moray, 1992) investigated the level of trust, self- 
confidence, and the control strategies of supervisory controllers. The results indicated 
that operator's trust changed dynamically accordingly the failures of the automated 
system. In addition, the results showed that the individual biases corresponded to the 
operators' general attitudes toward automation.
Hiskes (1994) following the research undertaken by Lee (1992), carried out a 
study to provide a quantitative model to predict human behaviour by asking the 
subjects to convey their feelings and attitudes about their trust in supervisory control.
Riley (1994) developed a theory of operator reliance on automation. Factors 
tested included workload, task and system state uncertainty, operator trust in 
automation, and self-confidence. The results demonstrated that global attitudes 
towards automation may affect its initial use. Changes occurred accordingly the 
influences exerted by factors that were specific to the system being used, but the 
changes indicated that these influences may operate across a group rather than on 
individuals.
A number of authors have mentioned the benefits of increase of trust through 
the participation of those involved in the operation of technical systems. 
Improvements in performance and reliability in the human-machine interaction play an 
important role in motivating the end-users to support technological changes.
Some studies related to conceptual definitions of trust, confidence, accuracy 
and predictability are summarised in Table 2.8. below.
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Studies on the Concept of Trust, Confidence, Accuracy and Predictability
Dimension and 
Application area
Focus Outcomes References
Trust in social 
institutions and 
professionals
Public attitude towards 
degree of trust on social 
institutions and 
professionals
The concept of trust is 
proposed based on three 
dimensions: persistence 
technical competence, and 
fiduciary responsibility
Barber, 1983
Trust in quality 
attributes
Attitude towards failures 
of technical systems
Recovery of trust in automation 
after failures is harder than to 
build trust in it initially.
Lerch and 
Prietula, 1989
Trust in 
technological 
innovation
Case study of introduction 
of computer-based and 
new technologies in 
agricultural industry and 
bank automation
Operators' trust may be related 
to their acceptance in 
automation
Zuboff, 1988
Trust in machines
Model definition for 
human trust in machines 
based on literature 
review.
A framework for experimental 
research on trust and human 
intervention in automated 
systems
Muir, 1989
Confidence
Expert Software for 
technical decision aid in 
oil industry
Trust and confidence in new 
technology Will, 1991
Self-confidence 
and trust in 
automated 
systems
Simulation of automated 
continuous process
Probability that operators will 
use automation based on self- 
confidence and degree of trust
Lee, 1992
Complacency to 
automation
Simulation of automated 
system
Performance evaluation based 
on task workload requirement
Parasuraman,
1993
Accuracy and 
overconfidence in 
judgement task
Clinical diagnosis 
accuracy
Overconfidence increased as 
theyreceived more information 
additional but it slightly 
improved subjects' judgements 
accuracy.
Oskamp
(1982)
Model for 
prediction human 
behaviour
Simulation of a flexible 
manufacturing system
Feelings and attitudes 
regarding trust in automatic 
controllers
Hiskes (1994)
Reliance on 
automation
Simulation based on 
computer-based testbed
Trust in automation and 
uncertainty about the 
automation's states affect 
reliance decisions
Riley (1994)
Table 2.8 Studies on conceptual definition of trust, confidence, accuracy and predictability
Trust is an important outcome of participatory design (Miller, 1993). A 
beneficial by-product of collaborative design is the emotional and psychological
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satisfaction that can be felt by those participating in the activities of design 
improvements. It can be achieved through the tailoring of the design to explicitly, 
rather than implicitly, address the users’ perception and needs. It provides 
trustworthiness to the design process and resulting system.
Traditional design approaches focus on the production of form; there is nothing 
in their methods that explicitly address use and confidence (see Bjerknes, 1993, Riley, 
1994). A range of alternative approaches has emerged independently in response to 
these new requirements for design; among these is user centred design.
As an alternative to traditional design approaches that effectively take into 
account user behaviour, there is the approach, which regards users’ participation in 
design. The merits of user involvement and participation in the design process have 
sometimes been the subject of strong debate, and a number of cases of user 
involvement are reviewed in this study in order to determine the extent to which true 
collaboration has taken place.
Even though organisational variables are undoubtedly important in the 
development of skill-based systems, the neglect of technological variables and the 
reluctance to open the uncertainties of new technologies may seriously undermine the 
validity of organisation-centred research in the long term.
Some developments in the theory and practice of ‘human-centred technology’ 
can be used to support this line of argument. For example, Clegg el a!. (1996) 
describe a project whose goal was to develop some tools that would help the 
consideration of some key psychological and organisational issues during system 
development. They advocated that their work has its basis in the socio-technical 
system theory (Chems, 1976; 1987; Clegg, 1994; Eason, 1988).
The project was undertaken and organised in five overlapping, participative, 
and independent activities: (1) a review of the most common system analyses and 
design methods encompassing critical psychological and organisational issues; (2) 
problem analysis regarding data from two empirical studies by identifying critical issues 
related to a new system to be designed, and criteria for tools development; (3) 
development of a set of new tools in order to deal with issues identified such as: 
technology, tasks, people, and environment; (4) piloting of the new tools in four
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different organisations; and (5) a review of method and presentation of the new 
method.
The results of the pilot studies and discussions were compared with two 
existing methods with respect to scope and purpose (when, where and, by whom), 
benefits of use, how the tools are used, and links with others tools. In practice it 
provided a decision aid for existing different scenarios underlying a choice criteria 
based on usability, psychological and organisational issues.
Urlings et al. (1990) proposed a method for changing attitudes and behaviour 
of management and employees in order to stimulate the implementation of ergonomic 
improvements in the workplace. The method can be used to evaluate attitudes and 
behaviour of employees and managers, providing a means of analysing the generating 
factors of intentions which underlie that behaviour.
The model consists of six stages towards changing attitudes and behaviours and 
provides two checklists:
• Checklist A: for ergonomists to assess the progress for each stage,
• Checklist B: for incorporating the results at each stage to influence the 
individuals involved.
They presented a case study, which the methodology proposed was applied 
within nine Dutch factories to analyse their stage of behavioural change towards 
ergonomics improvements. The improvements were introduced in some of these 
factories, where the management agreed the ergonomic intervention. The elements of 
the method were applied to change attitudes among managers and to stimulate the 
purchase of standing aids.
The data collected provided information about the managers intentions towards 
the improvements, and the workers indications about influence in work performance 
and comfort level at workplace due to the improvements.
Table 2.9 shows the results concerning the managers’ attitudes, intentions, and 
behaviour towards the improvements.
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Number
Dimension Type of Response of
Managers 
n= 9
Attitudes
What advantages do you 
expect from the workers 
using the these aids?
• Less fatigue 6
• Reduction in low-back pain 4
• Increased motivation 4
What disadvantages do you 
expect from workers using 
these aids?
• Limited freedom of body movement 
(decrease in production) 6
• Only short period of time useful 4
Intention
What opinion of your 
colleagues do you perceive 
towards buying these aids?
• Colleagues' opinion is positive 4
• Do not know their opinion 2
• No colleagues involved 2
• Colleagues' opinion is negative 1
Behaviour
Are financial limitations the 
reason for not buying these 
aids ?
• No financial limitations, investments are 9 
possible
Table 2.9 Responses of managers to questions about ergonomics improvement (Urlings et 
al, 1990)
2.6.3 Approaches to the design process : Methodologies and case studies
Eason (1989) developed a detailed design process for user centred design, 
focusing on user participation. He noted the importance of the involvement of user’s 
in the design process. The design process by ignoring the importance of the human's 
role within the system (Bainbridge, 1987), their capabilities and limitations produces 
impacts on the needs for retraining (Blatti, 1996), as reduced participation enhances 
skill loss (Sheridan, 1988).
Amato et al. (1991) reported a case study regarding the development of the 
project of a ‘Tension Leg Platform’(TLP) to operate in the Gulf of Mexico, located in 
the Southeast of Louisiana, USA. A loss control study was undertaken in an early
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stage of the project in order to identify all potential hazards. Also, the participation of 
an ergonomics consultant provided substantial contribution for the evaluation of the 
human factors’ constraints originally contemplated in the design.
The final report included, among other recommendations, substantial design 
changes in order to comply to ergonomics and human factors requirements. These 
modifications included a review of control panel design, optimisation of access to 
working areas and task analysis, which provided a better allocation of functions in 
some workstations.
Bea and Roberts (1995) developed an assessment on human and organisational 
factors in design, construction and operation of maritime facilities for E&P activities. 
They conclude that there are a number of alternative approaches to evaluation of 
ergonomics and human factors besides the use of outcome measures, one of which was 
advocated by Miller (1990).
A methodology to involve users in design and to support ergonomists to 
undertakeuser evaluation was developed by Parsons and Sparshatt (1991), consisting 
of a toolkit for field application. As a prototype, the toolkit is organised in a paper 
based system in four parts and a software aid for the production of materials. The tools 
embedded provide a method for quantifying performance at the task, users 
questionnaire for subjective assessments an a series of subjective assessments check­
lists It includes instructions to derive appropriate solutions resembling what an expert 
does.
The expert system drives the user to the specific usability analysis. It was 
intended to provide a self-contained method in the domain of software interfaces 
design. User efficiency was quantified by measuring objective performance of users 
while performing the tasks.
The system was tested by experts independently developing software to refine 
all the parameters. The method was evaluated to investigate ease of use and user 
satisfaction of the toolkit through the engagement of four experts in ergonomics, who 
were engaged in the development of user evaluation trials of different kind of software. 
The authors advocated that the practical value of the toolkit provided resources for 
drawing plausible scenarios for ergonomic interface design.
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Pikaar et al. (1990) outlined an approach for the implementation of ergonomics 
in design practices in order to integrate the structure of the design system in existing 
company design and engineering procedures. They postulate that ergonomics may be 
accepted as part of a project if in most cases two conditions are met:
• The benefit of an investment in ergonomic analyses, consultations and the realising 
of user participation has to be shown; and
• The contribution from ergonomics must fit the project procedures.
They describe a project to extend the facilities of a refinery in Rotterdam by 
adding new process units to upgrade the set of final products produced. A group of 
ergonomists had been involved in reorganising the layout and facilities of an existing 
control room in the early stages of the project.
They were allowed time for accomplishing analyses of the existing layout, 
preparing mock-up sessions for the new control room, and undertaking an evaluation 
of the work organisational issues (Pikaar et al., 1990). After several meetings of the 
project owner and the ergonomists, a number of agreements were drafted and 
scheduled.
These agreements included the ergonomics contributions to the project in three 
design phases: (1) Design basis, (2) Design specification, and (3) Detailed engineering 
and construction. The approach adopted is shown in Figure 2.6 below.
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PROBLEM
DEFINITION
PHASE
Orientation;(general knowledge on the purpose of the system to be designed) 
Structuring human factors (a.o. project team, deadlines and budgets)
SITUATION
ANALYSIS
PHASE
Situation analysis: 
-System description 
-Task analysis______
Technological knowledge 
and constraints
^ Knowledge base existing 
2 and future systems tasks
.Human factors knowledge 
> and constraints
ALLOCATION
PHASE
Global
task
allocation
Tasks of technical 
system part -►j Tasks of people
Detailed
task
allocation
interaction tasks
Jobsjfunctions) for : 
technical system part j Jobs for people
Workplace i
' requirements. i .  
; Man-machine interface :
! definition !
Work organisation
Various alternatives systems 
To be evaluated, for instance with participation of future users.
Fig. 2.6 General structure for system design from an ergonomic point of view (Pikaar et 
al., 1990)
In summary, this intervention where management, users, engineers, and 
ergonomists participated led to good co-operation between the users and the design 
team. Pikaar et al. (1990) proposed that involving a representative group of users in 
the design of a highly automated process control system is necessary if the final result 
is to be accepted by the users. Two years after the start-up an ergonomic evaluation 
of the new control room was undertaken, following the same criteria adopted for the 
design phases. The control room operators were very satisfied with their work 
environment.
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2.7 Concluding remarks from the literature on workers’ participation, 
attitudes, and design
The question of how individuals respond to their participation in design 
intervention in their work environment is important to the design management. It can 
be posed on many levels, to encompass both managerial and behavioural aspects. The 
outcomes contemplated in this review highlight how attitude and its multidimensional 
definition may be influenced by the individual's commitment in participative approaches 
in the work. According to Allen and Meyer, (1990) three different nature of 
commitment may be distinguished: affective commitment, continuance commitment, 
and normative commitment.
a) Affective commitment: concerns the individual's emotional attachment to the 
organisation;
b) Continuance commitment: refers to an individual's perception of the costs 
and risks associated to their role in the organisation or if leaving it;
c) Normative commitment: is a dimension of social and moral order, based on 
fiduciary responsibility to their role in the organisation.
The commitment structure is related to the concept of trust as defined by 
Barber (1983) and attitude (Fishbein, 1975). Table 2.10 shows this relationship:
Commitment (Allen & 
Meyer, 1990)
Attitude (Fishbein, 1975) Trust (Barber, 1983)
affective affective persistence (moral social)
continuance cognitive technical competence
normative behaviour fiduciary responsibility
Table 2.10 Relationship between commitment, attitudes and trust in 
participatory approaches
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The behavioural pattern can be seen as an outcome of an individual’s 
momentary belief about the likelihood that evaluated consequences will be produced 
due to a particular act. Theorists, who advocate constructs such as expectancy (see 
Vroom, 1964 for further discussions) and dissonance (Festinger, 1957) referred to the 
amount psychological pressure to behave based on instrumentality and personal 
achievement as an additional factor to explain the correlation between expected 
intrinsic outcomes and expected extrinsic outcomes.
Thus, pressure to comply upon the individual comes from internal and social 
sources. However, the relationship between participation and behaviour would be 
expected to be moderated by both personality characteristics of the individual and the 
situational demands (Allen and Meyer, 1990).
The effects of a participatory design approach on attitudes may incorporate 
cognitive, motivational and committal aspects. When designing technical systems, it is 
particularly difficult and complicated because there are several decision makers and 
several actors involved in the design process (Rouse, 1985). One cognitive aspect of 
the users’ involvement in design decisions is expectation: design decisions translate the 
expectation that certain attributes according to users’ preferences will be considered 
(Schôn, 1999).
The motivational aspect is grounded on decisions, preceded by group activities 
in which the users express their needs and desires toward the technical system 
(Rosenberg, 1971). Certain design issues are posed in forms that may allow them to 
be handled in the engineering design process. By presenting arguments in favour of 
proposed design decisions or by expressing confidence in the technical system (Muir, 
1987), the users may signal one to another that they endorse the proposed design 
alternative. While participating at different levels in the search and evaluation of 
design alternatives, and estimating consequences of design options as co-operating 
actors the users may assume certain kinds of behaviours and attitudes. Thus, they may 
elicit and construct mutual commitment to the design process and are more likely to 
judge design solutions as successful if their expectations are achieved.
Summing up, the findings of these studies, along with corroboration from many 
other investigations using different approaches, suggest that the factors involved in 
producing satisfaction with participation and positive attitudes in decisions are linked
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together. When it comes to understanding the behaviour of users involved in design 
decisions a set of elements concerning design management styles, organisational 
culture, technology involved, and business environment must be addressed.
Design deals with the future and is therefore highly susceptible to random 
influences from the internal and external environment. Managers devote most of their 
time to dealing with tangible situations. Concern with such problems as the workers’ 
participation, the management of engineering design, or the progress of new 
technology under development, leads to a preoccupation with technical and 
economical aspects.
The organisational environment has a great influence on engineering design 
projects. According to Hendrick (1995), studies of social impacts of the introduction 
of new technologies in a work organisation must be realistic in relation to the business 
environment existing at some time in the future. Forecasts are needed, covering at a 
micro and macro levels every factor which is liable to change the work system design. 
Hendrick (1991) advocates a macroergonomics approach through a wide range of 
economic, social, technological, and political factors, which have to be taken into 
account.
The management style has a perceived importance to the outcomes of the 
design process. The degree of co-operation between the management and workers, 
and the workers’ perception of the need for ergonomics represents a significant change 
in the management’s attitude towards the conversion of the ‘scientific’ knowledge into 
a business purpose.
The examination of the research studies enables the identification of certain 
factors present in a considerable number of successful participatory initiatives in the 
management of work systems. A behavioural approach to design management, where 
participation’s effects on attitudes are taken into account, should be considered not 
only for academic studies, but for the management of the design of technical systems in 
the corporate environment.
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CHAPTER 3________
The Context
The aRenatedman is not only afienatedfrom otfiermen;
He is afienatedfrom the essence o f the humanity;...
. . . I t  (aRenated Cahour) aRenatesfrom man his own Body, 
external nature, his mentaCRfe and his human Rfe”
{Marx's Concept o f Man. 1966. by E. Fromm, philosopher)
3.0 Introduction
In order to undertake the investigation concerning attitudes as a result of 
involvement of users in the engineering design within the oil industry the definition of 
the context deserves an elaborate description for its characterisation . The context 
supports the development of methodological approaches, working hypotheses and 
describes specific constraints for the construction of realities for an individual case to 
be studied.
The intrusive role of the researcher on the environment and individuals being 
studied requires the characterisation of the research setting in order to establish a 
complex of unique relationship through which the mutual shaping of constructions may 
be achieved. The context of the setting of concern enriches and define the limits of the 
interpretations of study (Erlandson, 1992). According to Lincoln and Guba (1985) 
the establishment of sufficient information about the context in which an inquiry is 
carried out provides an base of information for appropriate judgement.
The development of the present research started, in fact, from its introductory 
study (Silveira 1995, Silveira et al., 1999), which provided a preparatory ergonomic 
assessment on design constraints on the drill floor in an offshore oil rig. The demand 
to undertake the preliminary study was requested by the organisation involved in the
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present study. After a formal workplace inspection conducted by the Brazilian labour 
authority the company was obligated to submit an ergonomic assessment of the work 
conditions in the driller’s cabin. This ergonomic assessment was later incorporated in 
the preliminary guidelines for an engineering design intervention in two offshore oil 
rigs, which were included in the present study.
3.1 The organisation
In the present study, the oil industry provided the background to investigate 
human factors and behavioural aspects with respect to the involvement of users in 
engineering design development.
The organisation involved in the study is a large oil corporation in Brazil: 
PETROBRAS Petrôleo Brasileiro S.A. As a state-owned oil company, the 
organisation held the monopoly on oil and gas exploration and production, imports, 
refining and transportation. A recent Brazilian petroleum regulation law was approved 
in the parliament, providing a new market situation with respect to competition. This 
regulation brought to the end 43 years organisation’s monopoly in behalf of the 
government in Brazil.
The company produces about two-thirds of the oil that the country needs, and 
the organisation has plans to become an exporter, which requires more autonomy from 
the government. The decision making process within the organisation is a difficult 
task. The government has the golden share among the stakeholders giving it the 
majority in votes and ownership, and the rights to define the company’s policies, 
business strategy and management decisions.
There is an ongoing reduction of restrictions for an open oil market within the 
country. A cross border competition should be widespread in Brazilian and Latin 
America market and the attitude of the organisation management is towards the 
development of an international energy company.
The organisation has also activities abroad through its subsidiaries and 
presently is involved in mostly upstream activity in Argentina, Bolivia, Colombia, 
Ecuador, USA, United Kingdom, Libya and Angola. The company has a series of
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world records that have been set in the last fifteen years. This outstanding 
achievement has extended the frontier for technologically and economically feasible 
offshore deep water production beyond 1,800 meters of water depth.
The transition process for an open and liberal oil market in Brazil forced the 
company to a review of its corporate policies, which included the business 
management, technology and engineering design management. The competition in an 
international scenario also contributed for a review of the organisation’s policies 
concerning quality, health, safety and environment.
3.1.1 The organisation’s policies for business and human resources 
management
The company explores for and produces oil, natural gas on a world wide scale 
through partnership and the domestic oil and gas products in Brazil. As the company’s 
largest operating group. Exploration and Production (E&P) has the main assets, which 
provide about two-thirds of the country’s needs. Recently, the company launch a 
investment plan to become an exporter by increasing its oil and gas production.
Over a recent five-year period (1994-1999) the company had the lowest finding 
and development cost in offshore considering deepwater areas. The strategy for 
growth is increase oil and gas natural reserves, while keeping low cost for finding and 
development of new oilfields.
Another goal is the reduction of cost and time of bringing new reserves to 
production. The drive to increase the profitability of exploration and production is 
pursued by enhancing asset management, application of new technology, and for 
reductions in engineering design management and procurement costs.
The organisation encourages the employees’ commitment in many ways. By 
sharing decision-making with employees who have the knowledge of a subject, the 
management reinforces teamwork and attempts to increase employees’ contributions to 
the company. The company also rewards the employees by sharing its profits. About 
ninety percent of employees are members of the company’s profit plan, rewarding 
employees with a monthly financial incentive.
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The company policy for business management articulates the company’s keys 
values and sets a standard for excellence for employees. In 1996, the company 
conducted its employee survey, asking opinions about work, commitment and 
company policies. Since then, continuous surveys have been carried out, and the 
company has taken the advantage of using the results to fine tune its organisation- 
employees relationships, human resources programs and practices.
For instance, the company has responded to past surveys by improving its 
program for upward feedback, leadership training and filling open jobs. Perhaps the 
most important shift has been a new emphasis on ‘‘the supervisor role”. Because the 
company has placed a premium on the supervisors’ ability to work well with people, 
such skills have become an important promotion prerequisite, along with technical and 
work initiatives.
3.1.2 The organisation’s policies for technology and engineering design 
management
The company technical staff provide technology that supports the company’s 
core businesses. There are several technology programs to improve operations, 
products and processes, and to comply with regulations. In offshore E&P activities 
the company is using advanced technology to economically find and develop oil and 
gas reserves in deepwater oil fields.
There is a formal method of managing projects within the company with a 
proactive attitude for sharing knowledge. The company’s project and development 
process involves many areas of expertise within the organisation.
The managerial attitude within the organisation is to foster participation of all 
stakeholders at the appropriate time and effort; the process and its structured way of 
making decisions and analysing risks attempts to ensure that the right questions are 
asked for each stage and performance is measured against project objectives.
For example, the company’s technological development program for E&P in 
deepwater (PROCAP) has been guiding the engineering design projects in the latest 
giant oil development in Campos Basin in Brazil.
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This project included the development, design and construction of the new 
offshore platforms for Marlim and Roncador oil fields (the latest giant discovery in 
deepwater in Brazil) by involving several areas of expertise within the organisation in 
order to achieve the objective. Doing more of the engineering work early resulted in 
greater predictability and thus, fewer changes in later project phases.
3.1.3 The organisation’s policy for health, safety and environment (HSE)
The organisation’ policies include matters of health, safety, and environmental 
protection as central objectives. Strong concern is regarded to keep public and 
employees’ confidence through commitment to high environmental and safety 
standards, and the improvement of performance against those standards.
Engineering design projects include the task of recognition, assessment and 
reduction of risk involved in the oil industry. The rate of accidents among the 
workforce is still high to the standards and targets defined by the organisation.
The HSE targets are set for all business areas within the organisation and there 
is a consistent data collection and protocols and definitions to ensure integrity and to 
permit the auditing process of the HSE practices.
The HSE performance is measured on a continuous basis against objectives 
established regularly for the organisation and the policy is applied to all companies 
within the organisation. For instance, with respect to safety issues the auditing system 
prescribe six categories for checkpoints: safety equipment, safety prevention and 
control, housekeeping, health management, leadership and organisation, and quality 
assurance.
The organisation offer workplace training for safety and health for employees 
and contractors, and has been encouraged a healthy life style trough ergonomics and 
quality of work life programs. The organisation also, participate actively with the 
government, and other relevant institutional bodies in resolving HSE issues associated 
with its operations and products.
Particularly for the exploration and production activities (E&P), HSE 
performance is an integral part of efficient and profitable business management, 
whereby engineering design solutions strive to create a safe working environment.
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These solutions should provide workplaces where accidents may not occur and in 
which employees, contractors and the public will not be exposed to health hazards.
This attitude toward HSE issues within the organisation studied is based on the 
quality standards which include ergonomics (there is a corporate ergonomics program) 
and quality of work life (QWL) initiatives. Recent investment in technology in E&P 
has helped the organisation to minimise the impact of its activities through engineering 
design projects to meet statutory requirements and the organisation’s targets.
3.2 The corporate engineering design management
The transition process to an competitive internal market after elimination of the 
monopoly required cultural and technical changes in how the workforce is managed. 
This transition allows progress to begin in the corporate relationship with respect to 
workers participation. However, current economic realities within the worldwide oil 
industry, and particularly in Brazil, have reduced many of the traditional certainties in 
the relationship between companies and their employees.
In PETROBRAS’ case, the privatisation process of oil and gas resources that 
once were exclusively managed by the company in Brazil, the contracting out of 
activities once performed in-house, and the retirement incentive plan have all combined 
to bring about 35 percent reduction in the number of employees in the last five years. 
These changes have far-reaching implications for employees and their relationship with 
the company.
All this demanded a different work process in many areas, requiring a key task 
for top management to eliminate any remaining organisational obstacles to more 
flexible operation. Technology and engineering design management were areas in 
particular where sharing knowledge across the organisation, and bringing in the best 
science and engineering from outside, could provide the best benefits.
After a restructuring process of the organisation in the last three years, the 
engineering design within the company still have some peculiarities for a large 
organisation. Under a flatter management structure, business units have greater
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authority within the decision-making process, enabling the management to focus on 
strategy development for new engineering projects.
The organisation has a main engineering design business unit (SEGEN), which 
has a matrix of large enterprises co-ordination. SEGEN’s engineering design projects 
are conducted within these co-ordination units. The activities of engineering design 
activities within the organisation are also carried out through a matrix of regional and 
functional, and located within the respective business units (e.g. refining,) for their 
specific needs. Each engineering design unit may complement their capabilities 
through engineering design contractors. Generally, there are small engineering design 
teams for engineering design development and most of them are undertake in 
partnership with engineering design consultants and contractors.
SEGEN as a business unit has many “internal clients” within the organisation, 
and remains the principal unit within the organisation through which large engineering 
design developments are managed, such as oil tankers, offshore platforms and 
pipelines. This engineering business unit is also responsible for supplying a variety of 
technical assistance to subsidiaries companies and partners internationally.
Engineering design developments for oil and gas E&P within the organisation 
embraces offshore and onshore facilities, which includes offshore platforms, pipelines, 
oil tankers, floating production, storage and offloading (FPSO) vessels and onshore 
plants for processing and transportation. The offshore facilities for oil and gas has 
been the main E&P projects within the SEGEN’s activities.
The E&P business unit has also its own engineering design management 
involving technology and engineering for production facilities, which includes 
automation, structural engineering design for E&P facilities, naval architecture, and 
special equipment development.
This in-house engineering activity is responsible for basic engineering, which 
includes design basic documentation, determination of specifications, execution plans, 
management of new projects of E&P facilities, and knowledge transfer between E&P 
and R&D corporate business units In addition there is a engineering design area for 
technical support for logistical needs of the E&P activities.
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3.2.1 The engineering design process within the organisation studied
The organisation’s statements and policies recognise that the best way to meet 
the technological challenge and the competitive environment should be achieved by 
joining forces with the field staff. The company recognises that knowing how to 
manage know-how is becoming ever more critical to teams responsible for major oil 
and gas field developments; and the concept of sharing and transferring knowledge has 
been the paramount aspect in the engineering design management.
There is merit in improving the systematic collation of knowledge and 
experience of users and engineering designers, which otherwise may be held only in the 
heads of the individuals members of the organisation. Issues of importance in the 
development of engineering design in the E&P industry include:
-Drilling safety and efficiency
-Reliability of equipment and E&P systems
-Profitability of each E&P development.
However, it is now commonly regarded as necessary to view the engineering 
design management and management of field development in terms of integrated 
systems, in which optimisation and compatibility in design, equipment and in operating 
practices are extremely important. Poor engineering management practices lead to 
delays and technical problems which appear in the overall cost of the project.
Within the company studied engineering design policy and practices include 
the organisation’s collective knowledge through participation of those involved and 
users, so individuals can decide what is suitable for their projects. This process is 
accomplished through the involvement of the different operating business units (e.g. 
refining and distribution, and E&P), in synergy with the areas responsible for R&D and 
corporate engineering design (SEGEN). Figure. 3.1 below shows the relational and 
functional engineering design process within the organisation studied.
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Fig 3.1 The engineering design process within the organisation studied
The formulation of a design basis document and the determination of the 
specifications, usually follow previous experience in other developments. Design 
documents, execution plans and lessons learned from other projects are helpful to the 
engineering design team in its early planning stages. Peer assists and project safety 
reviews provide other useful project insight and learning among members of the 
project team.
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3.2.2 Contextual aspects of the engineering design intervention within the 
organisation studied
Attitudes of those involved in the engineering intervention were based on 
cultural beliefs within the company towards the development of in-house solutions for 
new projects. The engineering design management in both platforms took some 
uncomfortable but well calculated risks to try cut costs and time for each project.
The company was able to begin the upgrade activities abroad, including 
topsides and equipment acquisition some weeks ahead of the schedule because the 
engineering design groups within E&P business unit and the engineering design 
business unit (SEGEN) were able to complete early the drawings of prioritised parts of 
the platform. Contributions from a preliminary ergonomic study also gave some 
insights and feedback from the drillers and drilling crew to the engineering design 
team.
In order to speed up design decisions, some members of the technical staff, 
including drillers and drilling technicians, participated in meetings with the design team, 
engineering consultants and manufacturers. Sequential teams took the basic, topsides, 
and systems design for the first platform and expanded them to the second one. Since 
the decision for a design concept had already been made, the team could seek 
competitive bids instead of having to ‘sole source’ the projects.
The involvement in early design discussions of some individuals from the oil 
rigs, who also participated as subjects in the study, permitted the knowledge transfer 
by getting them in front of the problem. It allowed shared views and the engagement 
of subjects, who are doing the job and learning what they know about the drilling 
demands. Hence, the context studied showed a group of individuals, who had different 
opportunities for participating and were at different levels of involvement.
3.3 The context in E&P work: People, machinery and tasks
The development of drilling systems becomes more complex as drilling 
activities require technology extensions and innovations in order to compensate the
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challenges posed mainly by the offshore activities. Currently, the industry has reached 
a highly complex technology for drilling in deepwater (Amato and Resweber, 1991).
Although maritime drilling is an extension of onshore drilling due to the typical 
operating environment, the essence of the drilling work is still there. Just as the 
technology used in designing oil rigs developed steadily over the years, so has the 
technology for new systems necessary to reduce the human effort at the drilling work.
Several researchers addressed the descriptions, requirements and physical 
efforts to perform the conventional drilling tasks (Wisner,1972; David, 1984; Silveira, 
1994). Laville (1969), for example, investigated the driller’s tasks requirements and 
physical efforts in an oil rig. The descriptions of normal operating procedures are 
usually found in different formats in operational and training manuals within oil 
companies. Thus, a clear understanding of the context in which the drilling activities is 
undertaken may not be an easy task for those not acquainted to the E&P work.
3.3.1 The drilling workers: Job description and requirements
The team of drilling workers within E&P activities is composed by operators, 
drilling technicians, and drilling engineers. The main members of the drilling crew, 
who are involved directly in the drilling manoeuvres, are drillers, derrickman, 
floorhands or roughnecks, and roustabouts. The supervision of the drilling work on 
the drill floor is conducted by the ‘toolpusher’ -  a senior driller, who is responsible for 
the overall drilling tasks. The driller is responsible for the overall control of the 
operations on the drill floor, relying mostly on visual , and gesture feedback from the 
crew members. They also make decisions based on the monitored information from 
controls and displays existing in the driller’s cabin.
E&P workers are engaged in the drilling process with a round-the-clock work 
schedule on onshore and offshore oil rigs. Personnel offshore typically remain in the 
operating environment for continuous periods of two or more weeks, and the work is 
performed through a basic pattern of 12-hour shifts interspersed with 12-hour off-duty 
periods (Sutherland, 1986; Sutherland, 1988; Parkes, 1992; Silveira, 1994).
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Environmental factors are also important; the potential for accidents is further 
increased due to a complex mechanised workplace and fatigue over the two-week 
confined in offshore facilities, or settled in onshore sites. The accident proneness is 
increased during the shift work if suitable conditions are not obtained while performing 
the tasks and during the rest period (Parkes, 1992).
Table 3.1 below shows a summary of job description and requirements for the 
drilling crew members.
Summary of Functions and Job Description for the Drilling Crew
Job Job description Task requirements
Driller
Operation o f  the oil rig, 
including supervision o f  
drilling operations, and 
maintenance.
Operation of all drilling machinery, execution of the 
drilling program, controlling operational parameters, 
equipment and personnel performance, responsible for 
supervision and execution emergency tasks and 
maintenance. May act as a toolpusher, who is 
responsible for the overall operation on the rig
Derrickman
Material handling on the 
top derrick, operation o f  
the drilling fluid system
Preparation of drilling fluid under supervision, 
monitoring abnormalities in the fluid systems when 
working in the pump room, manoeuvring drill pipes 
and equipment on the derrick; emergency intervention, 
maintenance of fluid systems and equipment. Reports to 
the driller
Floorhand
or
Roughneck
Pipe handling and 
operation o f  auxiliary 
equipment on the drill 
floor
Execution of all manoeuvring of drill pipes and 
equipment on the drill floor, emergency intervention, 
maintenance of equipment Reports to the driller
Roustabout Execution o f  ordinary 
work on the drill floor
General material handling, cleaning and maintenance 
of drilling equipment. Reports to the driller, toolpusher 
or material handling supervisor
Table 3.1 Job descriptions and requirements for the drilling crew in the E&P work
One issue that has an essential role in drilling activities is the shiftwork due to 
its continuous operating process characteristics. Shiftwork has potentially adverse 
implications for safety and health, including short-term impairment of cognitive 
performance and alertness for the drilling crew (Parkes, 1992), and longer-term impact 
on sleep, mental and physical health, and social life for all workers involved in this
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work pattern (for reviews, see Sutherland and Cooper, 1996, Sutherland and Cooper, 
1991; Monk and Folkard, 1992).
Therefore, the conditions of comfort and safety provided by a well designed 
workstation represent the most important claim of those engaged in the drilling work. 
These objectives may fail in practice if the work organisation and workplace conditions 
impose excessive levels of stress and ergonomic constraints on the workers.
3.3.2 The background and situation studied
Two mobile offshore drilling units were involved in the study based on the 
organisation’s decision to upgrade and refurbish both of them to operating in 
respectively 1,500 m and 1,900 m depths in offshore E&P activities in Brazil. Also, 
these two offshore drilling units were chosen for this study because the design 
intervention contemplated design recommendations proposed in a previous ergonomic 
study, which considered ergonomic design constraints on the drill floor, in particular a 
new design for the driller’s cabin. These recommendations were based on the 
participation of drilling workers, who provided information included in the engineering 
design specifications.
The first platform upgraded to 1,900 meters of sea depth had a partial 
modification in the driller’s cabin resulting in a hybrid driller \s cabin design when 
compared to the traditional lay out. The second drilling rig to be modified to 1,500 
meters of sea depth with substantial modification of the drill floor and driller’s cabin 
design, also included the introduction of computer based resources for drilling 
operations.
The individuals who contributed to the preliminary ergonomic assessment in 
the first platform ergonomic study, also were involved in the present study. With 
respect to the continuous participation of the individuals in the study and changes of 
individuals in the group, it should be noted that there was no turnover among the 
individuals participating in the period in which the study was carried out. It provided a 
stable group for approaching the context along the development of the design 
intervention, since the first stage of the data collection.
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In the context of this research participation in the design of a workstation is 
assumed as an external variable, and related to a positive attitude towards the re­
designed workstation. Individuals with different levels of involvement and 
participation might have different evaluations of the outcomes from the intervention 
undertaken. The differences in satisfaction with participation and attitudes, if any, 
might be influenced by the strength of beliefs built up in the participatory intervention.
3.4 The work analysis o f the drilling process
The drilling of oil and gas wells involves the use of complex machinery, tools 
and chemicals, based on geological prospects to find those lithology with oil or gas. 
There are three main types of wells: exploratory, advanced, and development. The 
exploratory wells aim to prove the existence of oil and gas in unexplored areas. The 
advanced wells’ functions are to evaluate the extension and limits of the existing oil 
field. The third function is to exploit a known oil or gas field.
While the engineering program for an oil well is divided in phases, the human 
work in the drilling process can be divided in cycle tasks and sub-tasks (Wisner, 1972, 
Laville, 1969). The drilling tasks is characterised by two cycles which submit the 
workers to different levels of physiological, biomechanical, and cognitive demands 
(Silveira, 1994). The drilling process can also be classified into the true drilling phase, 
the completion phase, which involves the final procedures of the drilling process itself 
and prepares the well to start producing, and finally the workover phase. This latter 
phase include a set of interventions in the oil well to promote and maintain them 
actively producing. The photos cited in the present chapter are shown in Appendix 
IIL2
The tasks in the drilling process basically start by setting the first casing string -  
the conductor, which consists in a large-diameter heavy-wall pipe -  to a depth 
depending on the soil conditions and technical regulations concerning the drilling 
program. It also must comply to environmental legislation. The primary function of 
the casing is structural: to support the soft soil near to the surface, to serve as base for 
the blow out preventer (BOP) and the “Christmas Tree”, and to provide means for 
installation of the subsequent casing strings.
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The BOP is a series of hydraulically operated annular and ram preventers 
assembled in a robust package used to contain abnormal pressures in the well bore 
while drilling it. There is a set of lines that provide means for that. The drilling 
operator circulates the high pressure out of the well bore through the choke and kill 
lines. All the information is available in control panels and displayed to the drillers. A 
sequence of tasks and sub-tasks are designed for the drilling crew to cope with 
abnormal situations.
The hole is made by rotating a bit on the lower end of the drill pipe column 
{photo 5). On most of the oil rigs, rotation is produced by the rotary table, a power 
driven device installed on the drill floor and controlled by the driller. At the upper end 
of the drill string is the swivel and Kelly. The swivel allows rotation of the drill string 
while supporting it and serves as a connection between the drilling fluid system and the 
drilling column. When the hole is deepened according to the length for the drill string, 
the kelly is unscrewed from the drill string, another joint of drill pipe is added, the kelly 
reconnected and drilling resumed.
The entire drilling column permits the circulation of the drilling fluid and the 
drillers monitor all information regarding drilling fluid hydraulics {photo 6). Some 
functions of the drilling fluid are to cool the bit and lubricate the drill string, to keep 
the hole free of cuttings, to prevent damage to the geological formation, and control 
hydrostatic pressure in the well. Leaving the bit, it returns to the surface through the 
annular space between the drill string and the hole or casing. Once reaching the 
surface it is conditioned through a set of equipment such as the shaleshaker and the 
degasser. It is constantly monitored by the driller to guarantee that the conditioning 
and the recirculated mud is ready to be again pumped down to the drill string.
Recently, the power driven set composed by the rotary table and kelly has been 
substituted by a power swivel or top drive {photo 13). The top drive performs the 
same function as the conventional rotary table, rotating the drill string from the top 
rather than with the rotary table. It is connected directly to the drilling column, making 
it possible to drill with three 9-meter joints of drill pipe at a time.
Tongs and wrenches are used for the make up and break out of the drilling 
column {photos 7, 9, and 10). The spinning wrenches are used for spinning the pipe 
into and out of the joint. The torque wrenches are applied for making and breaking the
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drill pipes and collar joints. The device denominated iron roughneck {photos 11 and 
12), which combines several functions into a single unit, replaces the conventional 
tongs and wrenches. It rests on rails on the drill floor, and it is powered hydraulically. 
The iron roughneck can be controlled straight from a mounted local control or 
remotely by the driller or assistant driller. It provides the means for the reduction of 
workload for those crew members (floorhands or roughnecks) responsible for the 
manual operation of heavy tongs and wrenches.
Some oil rigs are equipped with pipe handling systems to manage all the tubular 
on the drill floor. They were originally designed for offshore drilling units to counter 
the effects of vessel motions while tripping. The derrick man on the top of the derrick 
and the assistant driller on the drill floor level perform the entire operation.
During the operation the driller controls the drill or casing string by a hoisting 
system. Many parts and equipment including the travelling block, the crown block, and 
the drawworks compose this system. The drawworks is a hoist with multiple-speed 
capabilities. It consists an arrangement of clutches, shafts, roller chains and sprockets 
powered by DC electric motors, which are selected by the drillers according to each 
drilling situation.
Adjacent to the drawworks is the driller’s house {photos 6, 12 and 23). All 
information concerning the drilling equipment and the process are available in the 
driller’s control panel. Assembled in it are the drawworks, rotary table, BOP, and mud 
pump controls, and drilling instrumentation. Most of the control systems are either 
pneumatic or hydraulic.
After the hole has been drilled to its final depth, procedures to determine the 
probable producing zones are undertaken. Once sufficient quantities of hydrocarbons 
(oil or gas) are found, the production casing, or liner, is cemented in place. The 
production tubing is run and the removing of the BOP stack and installing the 
Christmas tree complete the oil well.
3.5 The drilling tasks: Understanding the people’s work
Several researchers addressed the descriptions, requirements and physical 
efforts to perform the conventional drilling tasks (Wisner, 1972; David, 1984; Silveira,
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1994). Laville (1969), for example, investigated the driller’s tasks requirements and 
physical efforts in an oil rig. The descriptions of normal operating procedures are 
usually found in different formats in operational and training manuals within oil 
companies.
In part, the rationale for the present study lies in the nature and the extent of 
changes that have taken place in the oil rigs in recent years and its impacts on the 
workers’ tasks requirements. Here the term ‘task’ assumes a cognitive perspective 
according to Shepherd (1998), who defined task as ‘a problem facing an operator’ and 
to whom ‘task analysis’ may be a tool to a proper understanding of human behaviour 
through a clear problem specification (Woods, 1991).
The available research into the drilling environment and workers’ behaviour is 
based on data obtained from a few studies about the drilling work (Laville, 1969; 
Wisner, 1972; David, 1984; Silveira, 1994; Silveira et al., 1999). Thus, a clear 
specification of the problem to understand is still to be more substantiated with 
additional contributions.
Some studies concerning the E&P work are related to psycho-physical and 
social aspects (Sutherland and Cooper, 1991; Parkes, 1997) and their impacts on 
safety and health (Lauridsen and Tonnesen, 1990; Parkes, 1992). Other studies address 
socio-technical factors based on the relationship between the workers behaviour and 
occupational factors, such as mechanisation level (Mueller.e/ al. 1987), and accidents 
(Lauridsen and Tonnesen, 1990; Mohr and Gemmer, 1989).
A well established technique to analyse work activities is hierarchical task 
analysis (Annet and Duncan, 1967, Shepherd, 1986, Shepherd, 1998). This method 
describes operator tasks in a hierarchical and functional pattern. This technique 
incorporates elements, which provide a better description of systems demands in terms 
of goals, means, pre-conditions and post-conditions. It also takes into account the 
plans of action used by the operators and allows a comparison of different views on 
how to control the system.
According to Shepherd (1998) hierarchical task analysis is relevant for the 
assessment of cognitive tasks. It may be regarded as a model of human behaviour. 
This relevance for the drilling work study is evident when confronting the different task 
demands encountered by the operators in the oil rig operation.
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3.6 The drilling tasks and their dynamics: A  brief analysis
Thirteen tasks can be identified in the basic drilling process. They are 
dynamically interconnected, and even with the introduction of new technology and 
innovations, new equipment and tools, the basic tasks are still there. Despite some 
variations they will be true for most of equipment arrangements on the drill floor.
These basic drilling tasks involve the make-up and break-up of the drill string in 
order to add and remove drill pipes, drilling the borehole, running casing, cementing 
and, in extreme situations, dealing with a kick. These tasks and their relationship are 
depicted in Figure 3.2 below.
CementingDRILLINGAdding a Single Drill Pipe 
Using Top Drive [~
Kick and 
EmergencyNormal DrillingAdding a stand Usini 
Kelly Running Casing
Removing a Single Drill 
Pipe Using Top Drive Backreaming
Tripping in Tripping out
<^>
Abnorm al and em ergency condition
Tim ely perform ed and critical task
A lternate or com plem entary to  the drilling phase
P recedent or com plem entary to  the drilling phase
O bligatory and com plem entary to  the drilling phase
Fig. 3.2 The drilling tasks and their dynamics
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Descriptions of the tasks within a job or of the sub-tasks within a task usually 
carry implications of their sequencing or ordering, even when these are not formally or 
explicitly stated. Analysing the drilling work it is possible to find several constraints on 
task sequencing. Some are related to divisions of work or responsibility: actions by 
one member of the drilling crew may have to be completed before those by another can 
begin. Some depend on the tasks already being done or the equipment already being in 
use.
3.6.1 Drilling
The rotation of the bit on the lower end of the drill string produce the hole. The 
driller controls the basic drilling parameters such as the RPM on the rotary table or 
top drive, and the weight on the bit (WOB). While the hole is deepened there are other 
sources of basic information, which are critical to control the down hole conditions. 
This information is the mud pump pressure, the rate of penetration (ROP), hook load, 
hydrocarbon and acid gases such as hydrogen sulphide (H2S).
The driller monitors the drilling progress by comparing the interactions and 
trends on the displays existing on the driller’s console. The driller conduct his task by 
detecting and compensating abrupt variations in the stability of the drilling, regarding 
drilling fluid hydraulics, controlling the RPM and weight on the bit through the 
drawwork brakes. The remaining members of the drilling crew maintain a close 
contact to the driller, preparing the next drill pipe in the set back areas.
During normal drilling task conditions, it is possible for the driller to work in a 
seated position. Usually the remaining crew members maintain themselves in stand by 
for emergencies and occasional housekeeping activities on the drill floor. The 
instrumentation for monitoring the drilling parameters, alarms and control devices 
should permit easy access and visibility.
3.6.2 Running casing
The needs to insulate the borehole throughout different parts and sections of 
the crossed formations having different geological characteristics requires to set casing
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columns. This task is carried out under co-ordination of the driller and crew members 
on the wellhead area.
The task of running casing requires the BOP should be removed from the 
wellhead by the drilling crew. The exception is made to the situation when setting the 
first casing string -  the conductor, which serves as base for the blow out preventer 
(BOP), and to provide the means for installation of the subsequent casing strings. The 
conductor is normally run by a pile driver, but it can be driven by drilling or water 
jetting. Following this, the cementing process is undertaken to secure it to the well 
bore.
The casing is brought to the V-door, which is the main access for drill pipes 
and heavy tools to the drill floor using the rig crane or, more recently the gantry crane. 
Usually the casing applied in oil drilling have three types: the conductor (20 inches), 
the intermediate casing (13 '/$ and 9 V8 inches) and the production casing -  the liner (7 
inches).
The casing is prepared after being cleared of the catline winches cables and 
thread protector, and connected to the single joint elevator. Grease is added to the 
thread by the roughneck. The task involves at least two roughnecks operating the air 
winches on the drill floor close to the V-door. The driller controlling the travelling 
equipment co-ordinates the task rising the casing above the casing string while 
observing the activity of the remaining members of the crew at V-door.
The positioning of the casing is verified and corrected by the roughnecks. The 
casing then is connected to the casing string by using the casing wrench while the 
driller lowers the casing. The stabber helps to stabilise the casing and the driller follow 
up this stabilisation in co-ordination with the roughnecks.
In the next step, the driller raises the whole casing string while the casing slips 
are removed. There is a need to centralise the casing string into the borehole and the 
driller work with the roughneck, who are working on the slips to confirm this 
condition, and the exact point to fit the centraliser, if required.
At this stage, the driller move the casing up slightly adjusting its positioning 
into the borehole. The casing is lowered while the roughneck set the slips to support 
the casing, confirming that the grip is enough to fix the casing string. Verified the grip 
the roughneck brings the mud line to fill in the casing. Then, the casing elevator is
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released by the second roughneck. A record of length and size of each casing is logged 
by the driller in order to control the positioning of the casing in the bottom.
3.6.3 Cementing
The cementing tasks starts in order to fix the casing at the borehole wall. This 
job is required always after the casing column has been run to the bottom of the 
section drilled. The cement slurries, using special techniques, are pumped down inside 
the casing column by means of the displacement of the cementing mix and, when the 
bottom is reached, the slurries go back in the annular gap between the borehole wall 
and external surface of the casing section, up to a certain depth, that usually 
corresponds to the surface.
The cement is delivered to the rig in bulk and stored in tanks, which permit 
transfer for mixing the cement to additives by pressuring to a surge tank. The 
cementing unit provides the means for mixing and pumping the cement similarly to 
the mud mixing system.
There are some initial procedures to be followed by the driller and the crew 
members during the cementing task. Usually this task is carried out with the cementing 
operator to help the driller in cementing. The cementing operator makes sure that the 
cement plugs are compatible and installed in the correct order in the dropping head. All 
the equipment required for monitoring the cement pump rate must be installed in key 
points such as the cementing head and the mud manifold. The driller should have a log 
of the casing that has been run and also to the flow rate and total volume of cement 
pumped.
A pressure test is performed by the driller before cementing in order to evaluate 
the flow rate, cement pumping pressure, and occasional leakage. One member of the 
drilling crew, usually the derrickman, makes sure that water is available in the tank at 
the cement room for occasional need. The floorhands upon co-ordination of the driller 
and cementing operator install the cement manifold. The cement operator verifies that 
the plug dropping head has a pressure gauge and tests the plug release mechanism of 
all plugs to be used before loading them. An indicator also should be installed. The 
results of these actions are reported to the driller by the cement operator.
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The set up of the flow rate and pump pressure is conducted by the driller. The 
drill floor men upon orientation of the driller release the first plug. One characteristic 
aspect is that a listening watch is taken to hear the plug dropping into the casing from 
the plug dropping head. The driller, then starts pumping and summons the drilling crew 
members to be far from the cementing head.
The driller controls the cement slurries pumping watching for back flow and 
the behaviour of the in flow. At this stage, the cementing operator goes to the cement 
room to verify the cement mix and correct functioning of the cementing pumps. The 
driller maintains a close monitoring of the cementing flow rate, and control the volume 
of cement pumped. Completed this step, the driller, and the members of the team, 
including the cementing operator, take care of installing the following cementing plug.
For doing that, a new set up of pumps and check of valves and manifolds are 
undertaken by the derrickman and the cementing operator. A new pressure test is 
undertaken by comparing levels of pressure in the well. Similarly, the driller controls all 
the parameters related to the pumping pressure, flow into the well, and the displaced 
volume.
There is a need for close communication between the driller and crew 
members, especially to the cementing operator and the derrickman, who are generally 
working in the mud preparation area. The driller rely on visual contact to the 
roughnecks or remaining crew members when intervening on the mud manifold and 
cementing head.
Some cement samples are taken by the cementing operator for further analysis. 
Completed the cycle, it is time to wait for cement cure according to the cementing 
program. Before the cementing considered satisfactory, an evaluation of the 
cementing samples, volume and time for cement displacement are undertaken.
The task follows by adjusting the upper end of the casing to receive the blow 
out preventer (BOP), that is tested to the next phase of the drilling program. The 
driller summons the drilling crew to start drilling. The bore hole is drilled a few below 
and a further test for leakage is performed by the driller to evaluate the results of the 
cementing at this phase.
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3.6.4 Tripping
The tasks involving tripping in and tripping out the drilling string are the most 
physiologically demanding to the roughnecks in the drilling work (Silveira, 1994, 
Silveira, 1995). Also, these tasks require a close co-ordination between the driller, 
derrickman and remaining drilling crew on the drill floor. The driller must have a clear 
view of the crew members, equipment, and tools on the drill floor.
Wisner (1972) provides a step by step description of the movement and spatial 
positioning on the drill floor for a conventional oil rig. Design issues rise from the 
driller’s positioning and line of sight from the driller’s cabin. Also, there is a need for 
information and communication resources to promote a better co-ordination among 
the drilling crew while tripping. A clear line of sight is needed for either hand signals 
by the crew members or direct view of the top of the string and slips.
During the execution of the tripping tasks there is a continuous monitoring of 
the drilling fluid properties and the speeds for all trips in and out of the hole. This 
avoids surge pressures or excessive swabbing (damage of the column by brushing the 
drill pipe). These controls are undertaken mainly by the driller, who verifies any 
imbalance between the drill pipe and mud volumes. These information are taken from 
the trip tank, which should have auditory and visual alarms to indicate the drilling fluid 
level in the borehole. Usually, the remaining members of the drilling crew take these 
information, in addition to the volume control, to avoid wet jobs on the drill floor.
a) Tripping In the drilling column
This task starts when an additional set of drill pipe has to be connected to the 
drilling string. Initially, the roughneck sets the slips to support the drill string. The 
driller verifies at a glance if the slips were fitted correctly. The roughneck releases the 
elevator to get a triple set of drill pipes in the set back area (photos 8 and 13). The 
driller raises the travelling block, reducing the speed in a suitable point to permit the 
derrickman to access the stand. By controlling the drawworks the driller permits the 
derrickman to engage the elevator on the stand.
The stand is raised by the driller, while the roughnecks start steering the lower 
end of the stand on to the top of the pipe in the hole (photo 15). During these actions
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the driller helps the floorcrew controlling the pick up and to avoid inaccuracies that 
might drop the stand. The driller starts lowering the stand carefully {photo 6). There 
are characteristic hand signals by the floorcrew to indicate to the driller the positioning 
of the stand, while the iron roughneck and tongs are prepared for makeup of the drill 
string (photos 9, 11 and 12). The roughnecks conclude the makeup signalling to the 
driller to raise the stand (photos 9 and 10). Immediately, the roughneck removes the 
slips and the driller starts lowering the drill string into the borehole. This descent 
movement of the drilling string is controlled by the driller through the drawwork. Both 
volume of the drilling fluid in the trip tank and weight of the string are controlled by 
the driller to avoid an opposite force to the descent movement of the drill string.
At this stage, the derrickman is preparing his positioning to catch the next stand 
while the driller reduces the movement of the string and stops it in a position that 
permits the roughnecks to set the slips. Again, there is a need for close co-ordination 
between the floorcrew and the driller. The positioning of the elevator and hand signals 
give to the driller the cue to slack the string on the slips. The driller and floorcrew 
check if the slips are correctly set, to permit the start of a new cycle.
Concerning the design, the major problems on the drill floor for tripping are 
related to the ability of the drilling crew to communicate with each other and in 
particular, the ability of the driller to see what is happening during the task on the drill 
floor (photos 10, 12 and 32).
b) Tripping Out the drilling column
To remove the drill string, the set of drill tripping out starts by lowering the 
elevator and latching it to the upper joint of the drilling string. The roughnecks remove 
the slips that support the drill string. The driller verifies at a glance if the slips are 
removed and raises it through a controlled movement of the travelling block and the 
drawworks (photo 27). Usually the floorcrew take advantage of the upward movement 
of the drill string to facilitate and to reduce effort to remove the slips.
When the triple is above the floor level in a suitable position to permit the 
action by the floorcrew, the driller slows the drawworks and hand signals are given to 
the roughnecks to insert the slips. The driller and floorcrew check if the slips are 
correctly gripped. The driller checks the weight of the drill string to confirm this
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information. The roughnecks perform the break out signalling for the driller to raise 
the stand. The position of the ironroughneck generally does not permit direct sight of 
the joint, requiring hands signal from the floorcrew (photo 11).
The driller raises the travelling block, reducing the speed at a suitable point to 
permit the derrickman to access the stand. It should be noted that close co-ordination 
between driller, derrickman and floorcrew provide clues before the driller to set down 
the stand in a suitable position for the derrickman be able to release the elevator. By 
controlling the drawworks the driller allows the derrickman to unlatch the elevator on 
the stand. The roughneck helps the positioning by steering the triple set of drill pipes 
to the set back area. The driller maintains continuous monitoring of swabbing or flow 
in to the hole and keeps a log for controlling the number of stands removed and the 
volume of drilling fluid pumped into the hole. Usually, the driller and floorcrew adopt 
mark points (by using chalk for visualising suitable positions) for the activation of the 
drawworks brakes while tripping both upward and downward. This strategy minimise 
drilling crew efforts and reduces the need for hand signals from the floorcrew.
3.6.5 Adding a single drill pipe or a set of drill pipes
As the borehole has been drilled, there is the need to progress into a depth 
target. The drill string can be extended accordingly by adding single drill pipes or a 
stand if a top drive is being used. The addition of each unit of pipe may be made by 
connecting a drill pipe to the power driven set composed of the rotary table and kelly. 
More recently the power driven set composed by the rotary table and kelly has been 
substituted by a power swivel or top drive, which allows the addition of a stand.
a) Adding drill pipe per unit using kelly
Basically, the drill pipe is brought from the pipe deck through the V-doors. 
This action usually is provided in anticipation by the members of the drilling crew. 
The drill pipe is handled by using the catline winch and is lowered into the mouse hole. 
The mousehole is a tubular hole located close to the rotary table and constructed in
87
Participation. Attitudes, and the Design of Technical Systems Chapter 3
such a way that the upper end of the drill pipe can be located at an suitable level to 
facilitate the floorhands to connect the joint to the kelly.
When a new single drill pipe is required, the driller summons the roughnecks 
into action. The driller stops both the rotary table and the mud pump, monitoring the 
instrumentation for abnormalities such as kick signs {photos 6 and 33). The floorcrew 
sets the slips and closes the mud cock valve. The roughnecks perform the break out of 
the kelly joint using manual tongs or ironroughneck. In the case of manual tongs the 
driller controls the cathead winch co-ordinating the actions of the roughnecks on the 
drill floor.
Then, the roughnecks promotes the positioning of the kelly over to the 
mousehole while the driller slacks on the kelly to stab the drill pipe. The driller 
activates the kelly spinner {photo JO), which requires a good view and careful control 
by the driller. The make up of the joint is made by the roughneck, who, after checking 
the torque, opens the mud valve. At this stage, the driller raises the kelly, removing 
the drill pipe from the mousehole. The new drill pipe is stabbed into the drill string by 
the floorcrew and the driller activates the kelly spinner. This permits the roughnecks 
to operate the tongs to make up the joint in accurate timing.
The mud pump is activated and the roughnecks open the kelly cock valve to 
allow the circulation of the mud. A hand signal by one of the floorcrew indicates that 
the slips can be removed. For doing that the driller then raises the string and the slips 
are removed. The kelly drive bushing is set by the floorcrew allowing the rotation of 
the rotary table to start. The restart of the rotary table requires that the driller 
observes clearly the positions of the floorcrew and tools in use before putting the 
rotary table in motion. The cycle repeats as the drilling progresses accordingly.
b) Adding drill pipe per unit using top drive
The top drive performs the same function as the conventional rotary table, 
rotating from the top of the drill string {photo 13). It is connected directly to the 
drilling column, reducing by two-thirds the number of joints to be made up or broken 
down. This permits therefore an improved productivity. .
Initially the drill pipe is brought from the pipe deck through the V-doors. This 
action usually is provided in anticipation by the members of the drilling crew. When a
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new single drill pipe is required, the driller summons the roughnecks into action {photo 
11). The drill pipe is handled by using the catlines winch and is lowered into the 
mousehole.
The driller stops both the rotary table and the mud pump, monitoring the 
instrumentation for abnormalities such as kick signs. The floorcrew sets the slips and 
close the mud cock valve {photo 16). The driller performs the break out of the top 
drive/upper joint using the top drive wrench. The driller co-ordinates the actions on 
the drill floor and brings the roughnecks into actions as required.
Then, the driller swings the elevator over the mousehole and the roughnecks 
promote the correct positioning of the pipe elevator over the mousehole. The driller 
activates the top drive, which requires a driller’s simultaneous action of stabbing both 
ends of the pipe. The upper end of the stand is self-aligning with the top drive. At this 
stage, the driller raises the drill string, removing the drill pipe from the mousehole. 
The make up of the joint is made by the driller, who after checking the torque, gives a 
hand signal or uses the tannoy indicating to the floorcrew to open the mud valve. The 
mud circulation is restored by the driller, who raises the drilling string. The normal 
drilling operation continues after the slips being removed by the floormen or activated 
remotely by the driller if powered pneumatic slips are being used {photo 16). The top 
drive is again reactivated. A new single drill pipe as the drilling progresses.
c) Adding a stand using top drive
In order to add a set of three joints of drill pipe the mud circulation is stopped 
and the roughnecks set the slips. It is possible to control a kind of pneumatic slips from 
the driller’s cabin, eliminating this intervention by the floormen. The top drive then is 
broken out of the drill string using the top drive pipe handler. At this stage, there is 
the need for co-ordination between the driller, the derrickman and the floorcrew. 
Next, the derrickman in combination with the driller, latches the elevator to the top of 
the new stand whilst ensuring that the roughnecks are in safe positions on the drill 
floor. The stand is moved from the setback to the rotary table by the driller, while the 
derrickman release the upper end of the stand in the fingerboard. The roughnecks 
intervene, steering manually the lower end of the stand to the top of the joint in the
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rotary table {photo 15). This action requires an accurate control of the drawworks by 
the driller.
Now it is possible to connect the top drive into the upper end of the new stand 
{photo 13). The driller performs this action watching if the top drive stabs properly. 
Then, the driller promotes the rotation of the stand to make up the upper and lower 
joints. The torque control to make up the joints is monitored by the driller since the 
hydraulic absorption and compensation is provided by the top drive mechanism. 
According to the weight of the drill string, it is possible to complete the drill string 
make up by applying the correct torque in the bottom joint, using the ironroughneck 
{photos 11 and 12) or even manual tongs {photo 10).
The normal drilling operation continues after the slips are removed by the
floormen or activated remotely by the driller, if powered pneumatic slips are being
used. Also, the drilling fluid circulation is reactivated by the driller.
3.6.6 Removing a single drill pipe using top drive
In order to remove a drill pipe, the mud circulation is stopped by the driller. 
The driller raises the drill string, pulling out of the hole the drill pipe to be removed. It 
is required that the joint to be broken out is positioned above the rotary table. The 
roughnecks set the slips. It is possible to control from the driller’s cabin a kind of 
pneumatic slips, eliminating this intervention by the floormen. The top drive then is 
broken out of the drill string using its own torque wrench. This action requires 
accurate control, visual cues and good line of sight to the top of stand by the driller. 
At this stage, the roughnecks break out the lower joint using manual tongs and/or 
ironroughneck {photos 9 and 10).
The driller raises the travelling block, reducing the speed at a suitable point to 
give the derrickman access to the drill string. There is a need for close co-ordination 
between driller, derrickman and floorcrew. The driller sets down the drill pipe in a 
suitable position for the derrickman be able to release the elevator. By controlling the 
drawworks {photos 26 and 27), the driller permits that the derrickman to unlatch the 
elevator on the top of the drill pipe. The roughneck helps the positioning by steering 
the drill pipe set to the pipe deck through the V-doors.
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The driller maintains continuous monitoring of swabbing or flow in to the hole 
and keeps a record for controlling the number of stands removed and the volume of 
drilling fluid pumped into the hole. Then, the driller lowers the top drive to the floor 
level, releasing the slips. According to the next step, the driller may either stab the 
next joint of drill pipe, if the backreaming tasks is devised, or sets the elevators if more 
drill pipes are to be removed.
3.6.7 Backreaming
This is a peculiar task performed by the drill floor crew. The driller raises the 
drill string through a controlled movement, while rotating the drill string. The 
objective is to improve the drilled borehole by avoiding or reducing points for 
prisioning or sticking of the drilling column. Similar to the tripping out task, the 
backreaming task requires the drilling crew to remove the set of drill pipes.
The backreaming starts by connecting the upper joint of the drilling string to 
the top drive. The driller restarts the mud circulation. The roughnecks remove the 
slips that support the drill string. The driller verifies at a glance if the slips were 
removed. Usually the floorcrew takes advantage of the upward movement of the drill 
string to facilitate and to reduce effort to remove the slips. The driller raises the drill 
ing column through a controlled movement of the travelling block and the drawworks 
while rotating the drill string. The weight on the bit (WOB) is controlled by the driller 
in order to identify sticking in the borehole.
The triple is positioned above of the floor level at a suitable position allowing 
the action by the floorcrew, the driller activates the drawworks through accurate 
control and makes hand signals to the roughnecks regarding insertion of the slips. The 
driller and floorcrew check if the slips are correctly gripped. The driller checks the 
weight of the drill string on the control panel to confirm this information. The driller 
applies the top drive wrench to perform the break out signalling to the roughnecks and 
derrickman to steer the stand to the rack.
The driller raises the travelling block, reducing its speed in such a way that 
permits the positioning of the drill column to a point that the derrickman can access 
the stand. Again, close co-ordination between driller, derrickman and floorcrew
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provide clue for the driller sets down the stand at a suitable position to the derrickman 
to be able to release the elevator. By controlling the drawworks, the driller permits the 
derrickman to unlatch the elevator on the stand. The roughneck helps the positioning 
by steering the triple set of drill pipes to the set back area.
The driller starts lowering the top drive on the top of the upper joint on the drill 
floor, stabbing the top drive on the drill string. The make up is carried out by the 
driller, who restarts the backreaming task, rising through a controlled movement the 
drill string, while rotating it, after the roughnecks remove the slips. The weight on the 
bit and drilling fluid circulation are controlled permitting the continuation of the task.
3.6.8 Slipping the drawworks cable
There is a specific working life for the drawworks cable. As it is installed on 
the oil rig with an extended length in the cable spool, it is possible to slip the cable and 
cut off any worn out part. When cutting, it is usual to do that through either flame 
cutting or mechanical cropping equipment.
After the driller confirms in the log the need for cutting and slipping the 
drawworks cable, some safety and integrity test related to the autobrake air system 
should be carried out by the drilling crew. The driller co-ordinates the task following a 
standard procedure for cutting the line and testing. The drilling activities are stopped.
The slipping and cutting of the block line task is always performed at the shoe 
level. The driller must proceed the installation of an inside BOP on the string when 
the bit is positioned at the shoe. The floormen install clamps at the extremity which is 
positioned the deadline anchor. The clamps permit control of the cable pay out from 
the spool.
The travelling block is lowered by the driller permitting that the top drive to be 
positioned on the drill floor in a manner that it alleviates the weight, transferring it off 
the drawworks. Then, the floormen start cutting and slipping the block line. Close co­
ordination is required between the crew members, particularly when passing the cable 
in aerial parts. The driller brings in the cable in a controlled manner. The deadline
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anchor is set and checked. The driller tests the crown-O-matic and its adjustment is 
performed. The system then is ready to continue the drilling activities.
3.6.9 Kick and emergency tasks
The tasks and sub-tasks in emergency situations like kick -  a controlled 
abnormality in the well, or well drilling problems such as drilling break, prisioning, or 
well collision, require the observation of specific procedures and crew organisation. 
Constant training of the drilling crew to ensure preparedness for these situations is 
mandatory. The extended description of tasks for emergencies, such as kicks and blow 
outs, were not fully covered in the present study. Nevertheless, some comments based 
on the interviews can be highlighted here.
One of the most severe hazards in oil drilling is a blow out. Safety procedures 
while drilling can prevent, control or mitigate the consequences of a failure. All 
possible ways in which the well control equipment might fail must be considered. 
Usually, emergency procedures for the team adopt five gas kick scenarios: the bit is 
on bottom of the hole, tripping out of the hole, pipe is out of the hole, running casing, 
and when the kick is undetected. The members of the drilling crew, based on safety 
procedures, must follow accurately all possible measures to prevent the failure. A risk 
management system is mandatory, and it must include training for the drilling crew on 
well control associated with a suitable emergency plan.
The driller needs to be aware of the geological formation characteristics to be 
drilled. The preparedness procedures include calculations at specific stages of the well 
being drilled, type of drilling fluid being applied in the hole; constant monitoring of the 
drilling parameters, particularly the flow check, and kick drills for the crew at the 
commencement of drilling.
The design of the oil rigs, mainly on the drill floor level and the driller’s cabin, 
and its communication resources are important to promote quick response and 
accurate action in emergency situations. The control panel design and instrumentation 
must provide all information necessary for monitoring and controlling the drilling 
parameters. The response by the drilling crew members to the kick signs under co-
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ordination of the driller needs complex intercommunication and the decision to adopt 
well control procedures requires anticipation in such way that allows mechanical 
actions without delays.
3.7 Ergonomic design requirements based on the drilling tasks
The task requirements relevant for safer and productive work on the drilling 
floor have clear implications for the design of these installations. The requirements of 
each task and sub-task depend on narrow workspace lay out at the drill floor, the 
organisation and location of the tools, wrenches and the drill pipes handled, and the 
level of skills among crew members (Silveira, 1999). The layout of drilling installations 
and, particularly the drilling tools normally used in the conventional process, promotes 
awkward anti-ergonomic positions for the workers.
The introduction of new equipment and technologies involves an increased 
number of actions, decisions, and information processing (Close and Stelly, 1998) and 
cognitive workload. Many personnel involved in drilling prefer traditional oil rig 
design because the acquaintance of new devices and sophisticated systems requires 
training and previous skill to sustain the prescribed performance.
Thus, the design of drilling facilities should consider that the crew engaged in 
the drilling tasks are exposed not only to the demand of an intensive physical work ( 
Silveira, 1994), but also to an unfavourable cognitive workload, particularly likely to 
give raise to errors, fatigue, and performance decay.
The present analysis of the drilling work is an attempt to describing the driller’s 
needs, which should be incorporated into the lay out of the drill floor, and particularly 
into the driller’s cabin design. Also, it considers further improvements on the drill 
floor, considering the new tools and the drilling systems that have been introduced 
such as top drives and pipe handling systems.
In light of these changes, it is inevitable that there will be conflicts between the 
ideal needs of ergonomics; past studies based on data collected in the field (Wisner 
1972, Laville, 1969) probably do not reflect the current drilling environment, mainly in 
offshore areas. According to the literature concerning human factors in the oil 
industry (Parkes, 1992; Rundmo, 1992b) there are more constraints and regulations in
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the offshore work and the perception of risk has been reinforced due to the offshore 
accidents. Indeed, research in which data was collected only a few years ago is being 
rapidly out-dated by the speed of changes. Furthermore, the studies cited above tend 
to address specific ergonomic issues rather than seeking a multivariate approach in 
which many interrelated factors combine to predict outcomes useful for ergonomic 
design and decision-making.
Some key aspects observed in each task and sub-task, which underlie the 
effects on the drilling crew should be highlighted and the assessment of their relative 
importance for the design of the drill floor would be particularly valuable.
More generally, the outcomes of the present analysis have drawn attention to 
the driller’s role and the problems associated with communication, visibility of the 
operations, accuracy in punctual actions, drilling team co-ordination, and training. Co­
ordination implies suitable training, development of skills, and performance. Each 
member of the drilling team rely on the co-workers capabilities to accomplish the 
tasks, characterising an interdependence among them. Information and 
communications are two crucial factors in the drilling tasks (Reinhold & Close, 1995).
Based on these outcomes in the context of the work environment studied, is 
licit to consider that it is extremely difficult to achieve optimum results if there is no 
early consideration of ergonomic design requirements. Each oil rig design requires the 
assessment of ergonomic design requirements in conjunction with drilling equipment 
operating procedures. A participatory process, which gives the opportunity to involve 
the end users - the members of the drilling crew - is a beneficial strategy.
3.8 Practical constraints in investigating the context
The findings of a particular research should represent adequately the subjects’ 
constructions of the realities in the areas in which they converge and those in which 
they diverge. This relationship is termed credibility. Lincoln and Guba (1985) have 
proposed a series of strategies to overcome practical constraints while investigating the 
context in real settings and capturing the realities existing in the minds of people 
involved in the context. They argue that four main questions should be considered to
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gain a comprehensive interpretation of these realities: truth, applicability, consistency 
and neutrality.
There was the possibility to extend the study to an onshore oil rig project as 
proposed by Wulff (1997), widening the scope of the context. This possibility was 
devised due to the construction of two semi-automated oil rigs for onshore operations 
contracted for the same company participating in the present study. However, time 
restrictions to carry out the study and problems associated with uncertainties 
concerning engineering design and construction did not provide support to spouse this 
possibility. Also, the delays occurred in the construction, and the foreseeable 
commissioning delays recommended the exclusion of the onshore oil rigs development 
from the study.
In order to overcome the practical constraints in investigating the context, the 
present study was pursued through the utilisation of naturalistic techniques (Lincoln 
and Guba, 1985, Zsambok and Klein, 1997). These techniques, as described earlier in 
Chapter 1, included prolonged engagement, persistent observation, triangulation, peer 
debriefing, referential adequacy materials, and member checks.
•  Singularities o f the intervention
The context studied had particular characteristics. Since major engineering 
design modifications had been proposed, the specific conditions of the engineering 
intervention, in both selected offshore platforms, were unique in comparison to the 
remaining oil rigs available for the study in the same oil company. A follow up of 
design negotiations, construction of some topsides and structures, procurement of 
equipment and refurbishment activities, and a continuous feedback on the engineering 
decisions the during the engineering design intervention, involved almost two years and 
three months of engagement of the researcher.
•Different sites and location
In order to make judgements of the findings of a study in a particular context 
so that it can be applied in other contexts or with other subjects, the main researcher’s 
task was to provide sufficient descriptive data. The observation of particularities of
96
Participation. Attitudes, and the Design of Technical Systems Chapter 3
each project, personal views of workers involved, meeting with managers and 
contractors gave an ample picture of the problem. Difficulties were posed to match 
the different stages of the design intervention in two different countries (Portugal and 
The Netherlands), the access to the two platforms and the availability of people 
involved. After the platforms returned to the operation in Brazil, the opportunities for 
accessing and interviewing the subjects were more complicated. It involved helicopter 
flights availability, schedule for platform visits, shiftwork scheme of those involved in 
the interview, and appointment of interviews with company’s representatives.
• Technical and managerial problems
There were also serious problems between the engineering design management 
and the engineering design consulting firm that required the researcher more care in 
arguing about the engineering intervention in both platforms. Technical problems, 
delays for economical and technical reasons, and different views of users and engineers 
provided to the researcher a rich substrate regarding the design decisions, and because 
the truth may be supported by the integration of various perspectives (Guba, 1981; 
Wulff, 1997).
3.8.1 Context of the group of individuals investigated
The rationale for the selection of the two samples of drillers was based on the 
fact that they were involved supposedly in different levels, participating at different 
stages of the design process. Thus, the study considered mainly the role of the driller 
in the process as the end-users.
External factors involving technology and human-technology relationships in 
the development of engineering design were investigated through a specifically 
targeted group of representatives selected among manufacturers, engineering 
designers, and oil companies’ professionals, who provided a different view of the 
context in which technology may affect people’s attitudes towards their workplace.
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Most of the time, justification had to be given to others crew members in the 
oil rigs in order to explain why they were not submitted to the formal interviewing 
process. Roustabouts, derrickmen, and floorhands argued that the modifications on 
the drill floor, particularly in the driller’s cabin design and drilling systems might 
promote impacts on their work.
Using different modes of data collection, this approach represented an 
amalgamation of information from the interviews, which required a more consistent 
feedback from subjects working in the installations under study. It also included 
information from other representatives within the oil industry in order to promote a 
broader set of information. The assumptions of the study were that when the subjects 
are not exposed to similar situations and information regarding the design intervention, 
differences in beliefs are to be expected. Thus, these considerations emphasised the 
importance of the past experience and the information available from the participants 
involved in the study.
Also, the referential materials provided an extra source of information in 
dealing with many constraints to collect the data. When mismatches occurred between 
information given by different individuals, the referential materials helped in checking 
the information through further contacts with engineers, operators, contractors, and 
manufacturers.
3.8.2 Organisation environment
The unique situation of the design intervention while was restricted to two 
offshore platforms in the same oil company was characterised by the basic conceptual 
modification and architectural changes in the driller’s workstation.
The criteria adopted did not include installations owned by different oil 
companies. This criteria was considered since some issues in the present study may be 
associated with system design, but equally may also arise from the organisational 
structure, the style in which the technical resources are managed, the culture of the 
organisation, or the production and profitability pressures (ILO, 1985, Battmann and 
Klumb, 1991).
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By defining only one organisation for study helped to establish uniform 
organisational patterns influencing the context and the behaviour of those involved. 
There is a fundamental change of perspective once the primacy to social and 
organisational factors is given over to the individual behaviour, in that social and 
organisational factors lead to a search for different data and information, and different 
interpretations of this data and information.
This criteria also implied changes in the perspective to ergonomics and safety 
problems into design investigated in the context. The engineering design and platform 
managers’ attitudes were supported by beliefs that the intervention would bring only 
benefits due to the new technology being introduced. Participation of the end-users 
was seen as a manner to boost the implementation of the new operating system. 
Organisational and management questions raised by the subjectivity of the problems 
encountered drove the researcher’s attention to the organisational culture, which 
ultimately might define the engineering design management styles.
3.8.3 Timing for investigating the context
Considering the managerial problems in the development of the upgrade 
activities in the shipyards (Portugal and The Netherlands), and delays in by 
manufacturers (most of them from USA) for delivering equipment to be installed, a 
consequent delay in the conclusion of the engineering design intervention was verified.
These modifications in the original engineering intervention timetable, had 
impact in the development of the data collection on its planned set of activities. The 
context investigated in the present study presupposes changes in attitudes captured in 
two different work conditions, before and after the engineering modifications in the 
design of the driller’s workstations in both oil rigs..
The engineering project in the Netherlands started first and served as a basis to 
the second one in Portugal. The upgrade designed for the first platform had the 
support from a Swedish design consultant firm (which was the original designer and 
owner of the platform) included the conceptual engineering phase, detail engineering, 
follow-on engineering, commissioning, and a partial procurement.
99
Participation. Attitudes, and the Design of Technical Systems Chapter 3
The engineering part of the project organisation was shared between 
representatives of the consultant firm and the operating oil company. The participation 
of design engineers and operators (drillers and other platform operating crew members 
such as subsea equipment and stability operators, and maintenance personnel) from the 
operating oil company and consultants was agreed in order to speed up the project 
time scale.
The second project was organised quite differently. There were only the 
engineering design team from the operating oil company to supervise the overall 
project within the shipyard, which provided the facilities and manpower for the 
construction activities. However, part of the initial conceptual design definitions and 
some common procurement arrangements carried out in the first oil rig in the 
Netherlands were an useful guide for design decisions for the second oil rig in 
Portugal.
Time constraints illustrates the difficulties encountered in applied settings, 
when the researcher has no control of the events of concern. Nevertheless, the time 
available for the study permitted the collection of valuable information including 
concurrent information checked in naturalistic settings.
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CHAPTER 4 ________
Attitudes, Level of Participation and the Design 
Process: Proposing a New Model
‘We shape our en'vironments, then 
our environments shape us.
(Winston Churchil 1874-1965: British stateman and writer)
4.0 Introduction
One of the goals of this exploratory study originated with a feeling that to 
understand the user's participation in the design process, the concept of attitude and its 
outcomes (as a result of a participative process) should be positioned in a contextual 
framework.
The attitude and trust toward an object, system or environment depends upon 
the ways in which the individual interacts with and acquires information about it. The 
information accumulated by the individual may come from a close relationship with the 
object or past environmental exposure and has a selective but direct effect on the 
individual's attitude. That is, the individual is more likely to make use of that which 
was learned in the past to confer trust and interpret the object or setting of concern.
The literature review has identified that the concept of attitude, as a dimension, 
based on social and psychological field should be considered carefully and is of direct 
relevance when applied to technical and engineering design matters.
The starting point is the model of Attitude to Act developed by Fishbein (1967, 
also Fishbein and Ajzen, 1975) and the model of Trust in Machines proposed by Muir 
(1987, 1989). In order to translate attitude and trust from their models into the design 
field, with an emphasis on the participatory approach and ergonomics, a review was 
undertaken in order to identify possible contributions from other research. The 
proposed model by Grossbart and Amedeo (1979) on feelings in environments is an
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example of such and can be added to address the feelings that users may have and how 
this might affect user's attitude.
Attitude is a term defined as a composite of three components, such as 
affective, cognitive and behavioural, and has been usually applied to mean affective and 
cognitive aspects. The attributed behavioural component is most often construed as 
an outcome of attitudes. In fact, human needs and motives are inextricably linked; the 
relationship between them is so very close that it becomes extremely difficult to 
identify the precise differences which may characterise them. Motives initiate 
behaviour and direct it towards specific types of activities.
Immersed in a dynamic society in which technological developments and social 
and cultural trends affect the whole pattern of life, an individuals' attitude towards 
many objects and events may undergo considerable change. The cognitive content of 
attitudes is largely built up from the relationship with the environment and interactions 
within social and occupational settings.
The design of complex systems, which requires the involvement of many 
individuals with different backgrounds and knowledge, demands the integration of 
technical information and systems requirements at each stage of the design process for 
design decisions (Czaja, 1997). The technology-centred approach of reducing, in a 
static way, the interaction's effects of the specific task environment and the social and 
organisational environment, gives little attention to the behavioural component.
Fortunately, two recent works following the groundwork developed on the 
problem of trust in machines (Muir, 1989), were developed by Lee (1992) and Wei 
(1997). Additionally, the proposed model by Grossbart and Amedeo (1979) on 
feelings in environments can be considered since the work settings design is influential 
on user's attitude. The two first studies deal respectively with self-confidence and 
workload in automated systems. The third one proposes an understanding of how 
environments influence people's feelings and their intentions to behave.
In order to address the issues of users’ attitude in the design process, further 
consideration is needed of the theoretical propositions from Fishbein ( 1967, 1971) on 
attitude, Muir (1989) on trust in machines, and the perspectives provided by Grossbart 
and Amedeo's (1979) model on feelings in environments.
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Fishbein (1967, 1971) defines attitude toward an object as a relatively simple 
unidimensional concept connected with the amount of affect or feeling for a particular 
object. It is based on a set of beliefs about an object and is reflected in the totality of 
behaviour with respect to the object. Given that the concern of this research is about 
the problem of workers' attitudes in a changing work environment by the introduction 
of new devices and equipment for automation, the issue of personal beliefs or trust in 
machines is highlighted.
From the original concept of trust as a sociological construct, Muir (1987, 
1989) formulated a hypothesis which states that trust is an important factor in 
determining user's behaviour whilst interacting with automated systems. The concept 
of trust in Muir's proposed model, based on Barber's (1983), and Rempel, Holmes and 
Zanna's (1985) psychological definition of trust, may be regarded as influencing the 
attitude to act toward an object or environment as initially proposed by Fishbein.
The empirical work developed by Lee (1992) and Wei (1997) extend the 
findings provided by Muir (1989) in respect to human behaviour and automation. 
Muir advocated that inappropriate levels of trust may lead to poor allocation strategies 
and mistrust in automation based on the user's expectations. The concept of trust is 
critical in the design of decision support systems, and no matter how sophisticated they 
may be, trust confers serious implications for the overall safety of the system and its 
performance; the automation may be rejected by a decision maker who does not trust 
it, or relies too much on it. The attitude to act toward the decision support system will 
be influenced by the trust. For instance, when technicians are using a new design for 
an expert system. Muir (1996) proposes that mistrust drives two types of behaviour: 
distrust or too much trust in automation.
The proposition of this research is to combine the theoretical approach from 
Fishbein (1967, 1971), Grossbart and Amedeo (1979), and Muir (1987) in an attempt 
to understand an important part of the subjective experience that users involved in 
(re)designing of the work environment; and how they perceive, know and behave 
towards the work environment, especially if limited consideration is given to these 
more personal experiences.
The individuals' attitudes will reflect, therefore, a subjective view of the world, 
but these beliefs are valid and form the core of the individuals' personal orientation
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towards life in general and may profoundly affect their own relationships in the 
workplace. Individual behaviour, intentions and attitudes in the work environment are 
also likely to be influenced by the role that the worker has in respect to the team. 
These may relate, for example, to the decision making process in a specific sub-task. 
Diverse forms of behaviour are generated, therefore, by beliefs, attitudes, and value 
systems that are held by particular people.
By providing a new insight to attitude, the synthesis may enable clarification of 
the meaning of an individual's attitude to act towards a particular object or 
environment, considering their involvement in defining the design attributes. The 
insight may take into account other sources, e.g. from data by other studies in different 
areas, such as organisational design, design of computer-based systems, and job design 
and task allocation, etc. However, since these data has been intended only to illustrate 
the broad array of users' participation at stages of definition in the design process, their 
specific focus provide an useful and valuable background for the construction of a 
theory. Among some possible questions posed in this area is: How does the user’s 
participation and involvement level in design influence the user’s attitude to act 
towards a new technical system design?
The purpose therefore, in summary, is to translate the composite meanings of 
attitude and the concept of trust in order to apply this new understanding, to achieve a 
better knowledge of the individual's role and behaviour in the design of technical 
systems, and specially the influence of user participation in such processes.
4.1 Attitudes
Attitudes are defined by Fishbein (1967, 1971; also Fishbein and Ajzen, 1975) 
as 'certain regularities of an individual’s feelings, thoughts, and predisposition to act 
toward some aspect of his environment. Feelings represent the affective component of 
an attitude, thoughts represents the cognitive component, and predisposition to act as 
the behavioural component. Attitude represents a residue of experience, cognitive and 
affective, of the social object in question, and a response tendency towards that object 
(Thomas, 1971).
Attitude = /(Affection + Cognition + Behaviour)
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A representative selection of definitions and characterisations of attitude as a 
multidimensional construct was summarised by Allport (1935) in order to trace the 
essential feature running through these diverse definitions.
Attitudes are evaluative: that is, they reflect a person's tendency to feel, think 
or behave in a positive or negative manner towards the object of the attitude. Attitudes 
can be held about the physical relations and constructs in the environment around us 
(e.g. workplace design, workers participation), and about other people (e.g. 
institutions, professionals, politicians, and partners).
The affective component of an attitude is reflected in a person's physiological 
responses (see Eysenck and Keane, 1995, for further discussions) and/or in what the 
person says about how they feel about the object of the attitude. The cognitive 
component refers to a person's perception of the object of the attitude, and what the 
person says about the degree of confidence in that object. The behavioural component 
is reflected by a person's observable behaviour toward the object of the attitude and/or 
what they say about their behaviour toward the object of attitude.
A more important concern for the present, however, are the different 
approaches conferred on the term attitude. As used in social and psychological 
studies, attitude is conceptualised to evaluate different aspects of human relationships 
and interactions toward objects, people and the environment. For the three 
components of attitude it is important to establish an explicit understanding of these 
components and their interactions, and their relative influence on attitudes. These 
idealisations address an important general point about attitude. Whether it has been 
considered an affective, cognitive, or behavioural factor, it must always assume that 
dimensions and intensity of reactions from experienced feelings will be associated with 
a specific social system of reference.
The initial composite definition of attitude will be applied and expanded in the 
succeeding parts of this study using the three different models provided by Fishbein 
(1967, also Fishbein and Ajzen, 1975), Grossbart and Amedeo (1979), and Muir 
(1987). Although each part emphasises a different approach, it is intended to build on 
one another, towards an analysis and definition of the nature, dynamics, and dilemmas 
of the design process, and emphasise the importance of user's attitudes when adopting 
an user's participation approach.
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4.1.1 Attitudes and affection
Eysenck and Keane (1995) discuss the two first components of attitudes: 
cognition and affection and their relationship. The term 'affect' is considered very 
broad, and has been applied to cover an ample array of experiences such as emotions, 
moods and preferences. Emotions usually refer to intense and short experiences, 
although this criteria assumes a wide sense, while 'mood' tends to be used to define a 
state meaning low-intensity, but long lasting experiences. They pose a question: 
'Does affect require cognition?’, and summarise two theoretical positions. Zajonc 
(1980, 1984) argued that affective evaluation of stimuli is a basic process that he 
believed provided support for his theoretical position that "affect and cognition are 
separate and partially independent systems and despite they can ordinarily function 
conjointly, affect could be generated without a prior cognitive process.”
Conversely, Lazarus (1982) argued that some cognitive processing is an 
essential prerequisite for an affective reaction to a stimulus to occur. He advocated 
that cognition played a crucial role in emotional experience, and always preceded any 
affective reaction. He further classified cognitive appraisal as named three ways: 
primary, secondary, and re-appraisal. Recently, LeDoux (1990) showed reasonable 
evidence through physiological experiments to support and advocate that affective 
responses can occur with little or no cognitive processing.
Regarding the mood states, it is generally assumed that people in a negative 
mood, such as anxiety and depression, will perform tasks less well than those in a 
positive or neutral mood (Eysenck and Keane, 1995). Mood is defined as a 'state' of 
low-intensity but long lasting, which can affect an individual's performance, memory, 
and their cognitive component of attitude. The affective component is regarded in 
Grossbart and Amedeo's model (1979) as being restricted to the 'cognitive' aspects of 
an emotional experience which are generally labelled by some terms like joy, 
satisfaction, depression, anger, fear, oppression, etc.
It is seen throughout this approach that the affective component and the 
cognitive component may have an independent role and this further will be considered 
in the interpretation and theoretical approach to attitude based on Fishbein's (1967) 
model.
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4.1.2 Attitude and cognition
The term cognition refers to the mental processes of knowing, perceiving, and 
judging which enable people to interpret the world about them. Persons, objects, and 
events are perceived by individuals who endeavour to make sense of the stimuli to 
which they are exposed. Human reactions will be influenced by the ways in which 
certain kinds of objects are perceived; individuals have a personal view of the world 
surrounding them which will derive from their environment and the frames of 
reference. Although an individual's conception of the world will tend to be unique -  in 
the sense that no two persons have precisely the same set of beliefs and attitudes -  a 
certain degree of uniformity will exist because human beings share several basic 
characteristics. These fundamental features may relate to biological needs such as food 
and rest, or to psychological satisfaction to be found, for example, in offshore oil 
platforms, where the workers stay on board for fourteen days in a continuous 12 hour- 
shift. During their period of rest they listen to music or watch television programmes. 
The more cohesive a community, the more likely its members are to share very similar 
sets of cognition.
The individuals' cognitive maps will reflect, therefore, a subjective view of the 
world, but these beliefs are valid and form the core of the individuals' personal 
orientation towards life in general, and may profoundly affect their personal 
relationships. Individual skills and attitudes in the work environment are also likely to 
be influenced by cogmtion that the worker holds. These may relate, for example, to the 
decision making process in a specific sub-task. Deep personal convictions may result 
in activities dedicated to trade unionism, or to participation in religious or community's 
social activities. Diverse forms of behaviour are generated, therefore, by beliefs, 
attitudes, and values systems that are held by particular people.
Cognition and perception are closely linked. Wickens (1992) argues that many 
human-machine systems do not work as well as they could because they impose 
incompatible requirements on the human operator. These requirements are 
incompatible with the way an individual acts, perceives, thinks, remembers, decides, 
and responds, that is, the way in which a person processes information.
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Furthermore, perception is subjective; individuals tend to interpret information 
according to their existing beliefs, attitudes, and general practices. Messages may be 
distorted by adding new elements to make them fit in with existing pre-dispositions and 
value systems.
Adaptation describes those situations where individuals tend to adapt to 
continued reception of the same stimuli; for example, in the oil industry the drillers, 
who work near noisy drawworks often can perceive a sound coming from a failing 
drilling rotary table.
Perception of the physical attributes is a matter of particular interest to 
designers. Perceived differences in equipment and objects may not necessarily depend 
on intrinsic qualities; users evaluate machines against the background of their 
experiences, expectations, and associations. User's perceptions about machines and 
equipment may change as more information becomes more available to an individual, 
and personal as needs develop during the course of professional life. Even when 
provided with new information (which may logically demand change in behaviour), 
emotions and personal needs may be so dominant that they preclude change taking 
place in an individual’s cognitive structure.
Individuals strive towards consistence (i.e. consonance, agreement, 
equilibrium) within their cognitive structure (set of beliefs about peoples, machines, 
events, etc.) and endeavour to reduce tension so as to make life pleasant. A dissonant 
state characterised by psychological tension (e.g. expressed by anxiety, frustration, 
distrust) may arise if an individual is required to perform a set of tasks by using a new 
machine, without previous knowledge about reliability, performance, and accuracy of 
the machine. In addition to trying to reduce the stress, the individual will actively 
avoid situations and information which would be likely to increase dissonance.
4.1.3 Attitudes and behaviour
It could be argued that attitudes only matter if they influence actual behaviour. 
Wicker (1969, 1980) in an earlier research review did not find strong evidence on the 
on the extent to which attitudes were predictors of behaviour. People avowed
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feelings and beliefs about someone or something seemed only loosely related to how 
they behave towards it. A number of possible reasons were suggested to this lack of 
correspondence. One was social pressures of various kinds: laws, societal norms, and 
the views of specific people can all prevent a person behaving consistently with their 
attitudes.
So can other attitudes, limitations on a person's abilities, and indeed their 
general activity levels influence behaviour. There were also some suggestions that the 
research on this issue was badly designed, and therefore failed to find correspondence 
between attitudes and behaviour that did in fact exist (Ajzen, 1971). In particular, it 
was argued that measures of attitude were often general (e.g. attitudes about law- 
breaking) whereas measures o f behaviour were specific, reflecting only one of many 
elements of the attitude (e.g. committing motoring offences). Also, behaviour was 
assessed on only one occasion or over a short time period. Long-term assessment of 
multiple instances of behaviour would be a more accurate test of whether attitudes 
predict behaviour.
4.1.4 Attitude and beliefs
Beliefs refer to an individual's subjective probability judgements regarding some 
aspect of their environment (Fishbein and Ajzen, 1975). Beliefs may be considered 
inferences made by an observer about underlying and valued states of expectancy 
(Rokeach, 1975).
In the discussion of attitude Fishbein (1967, also Fishbein and Ajzen, 1975) 
suggested a distinction between belief in an object and belief about an object. 
According to these investigators, an individual may not only evaluate a concept (i.e. 
view it as "reliable" or "unreliable", "easy or difficult), but also may trust in the 
existence of the concept (i.e. view it as "probable" or "improbable", "existing or non­
existing").
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There are two dimensions for understanding beliefs: an evaluative dimension 
(belief in), and a probability dimension (belief about). "Belief in ' refers to the existence 
of an object. "Belief about ' deals with the nature of that object. Individuals in an 
evaluative process can adopt "belief in ’ the relationships between an object and other 
objects or qualities. "Belief about ’ refers to the probability that a particular relationship 
involving the object or concept exists.
The term Belief while concerning attitude measurement is regarded as an 
unidimensional concept. In this sense, belief refers only as the probability or 
improbability that a particular relationship exists between the object of belief and some 
other object, concept, value or goal (Fishbein, 1967, Fishbein and Ajzen, 1975).
Interaction with another person may lead to the formation of beliefs about such 
unobservable characteristics or dispositions as a person's predictable behaviour, 
dependability or trustworthiness. Clearly, however, an individual forms beliefs that go 
beyond directly observable relationships such as technical competence, fiduciary 
responsibility and natural persistence (Barber, 1983). Beliefs that go beyond directly 
observable events or close relationships are acquired by an inferential process.
Beliefs may be formed based on past experiences through learning relationships 
and by the development of "formal coding systems" (Bruner, 1957, Fishbein and Ajzen, 
1975). Many attributes of an object or system that appear to be direct observations 
cannot be directly perceived. However, many of our beliefs are formed neither on 
basis of direct experience with the object of belief nor by way of some inference 
process. Instead, individuals accept information about some object provided by an 
outside source, such as co-workers, group membership, and organisational policies.
The influence of an outside source of information on the formation of beliefs 
such as technical literature, co-workers, group membership, and organisational 
policies, has implications on an individual's subjective probability judgement. The 
individual's participation in gathering direct or indirectly information about the object 
or system imply their evaluative consistence (Zajonc, 1980). Table 4.1 summarises 
some examples.
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Type of Beliefs Example of Beliefs
• Belief about the component parts of the object, 
systems or environment
Electronics components have more reliability 
than mechanical components
• Belief about the characteristics, qualities, or 
attributes of the object, systems or environment
Automated systems are more efficient than 
manual systems
• Belief about the object's relation with other 
objects, subsystems, and concepts
Hybrid designed systems are safer than totally 
automated systems
• Belief about whether the object or system will 
lead to or constrain the attainment of various 
designed goals or "valued states'
Poor interface design may reduce operator's 
performance of computer-based control 
systems.
• Belief about what should be done with respect 
to the object or system
Automated systems should be applied for 
design of continuous process.
• Beliefs about what the object or system should, 
or should not, be allowed to do
Operators should not be restricted to by pass 
automated control systems
Table. 4.1 - Types of beliefs
4.2 The Fishbein's model o f attitude to act
Fishbein, a social psychologist has made a major contribution to the study of 
attitudes related to behaviour. His proposition is that attitudes and behaviour should 
not be considered as an isolated problem: "rather, we must concern ourselves with at 
least four things: attitudes, beliefs, behavioural intentions, and behaviour" (Fishbein, 
1967).
Instead of regarding beliefs and behavioural intentions as part of attitude, 
Fishbein preferred to define them separately and to regard them as 'phenomena that are 
related to attitudes' (Fishbein and Ajzen, 1975; Ajzen and Fishbein, 1980). He rejected 
the traditional definition of attitude as a composite of three components: cognitive, 
affective, and conative. He preferred to view attitudes toward an object as a relatively 
simple unidimensional concept connected with the amount of affect or feeling for a 
particular object. He offered, therefore a definition of an attitude, which is consistent 
with Thurstone's original definition (Thurstone, 1929, Thurstone, 1931). It is based on 
a set of beliefs about an object and is reflected in the totality of behaviour with respect 
to the object.
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a set of beliefs about an object and is reflected in the totality of behaviour with respect 
to the object.
If one accepts a multidimensional view of attitude, this implies that the attitude 
of any one person towards an object may fall into three very different schools of 
thought and three different dimensions (Ajzen, 1971). As a matter of fact, when one 
constructs 'attitude scales' they rarely maintain that their instruments are measuring 
these three components, the tools almost invariably yield a single score that is unlikely 
to reflect these three different components; instead they usually contend that their 
scales indicate people s evaluations of, or affect towards, an object or concept 
(Fishbein, 1967, Fishbein and Ajzen, 1975). Fishbein stated.* "Taking an 
unidimensional view o f attitude does not imply that one should ignore cognition and 
behaviour components. Rather, it implies that beliefs and beha\yioural intentions 
must be studied as an independent phenomena that may be related to attitude and 
beha\>iour" (Fishbein, 1971).
Fishbein acknowledged that although an individual may hold many beliefs about 
a given object, a determined set of components o f belief serve as primary determinants 
of an attitude at a point in time. These will be the salient beliefs which are influential in 
forming attitudes towards certain objects. He expressed his basic mode by the 
following equation:
A„= Zl=1 j5/a/ (1)
Where:
A 0 = attitude towards object 'o'
Bi=  strength of belief V about 'o' 
a,- = evaluated aspects of Bt 
n = number of salient beliefs
In discussing this model, Fishbein (1980) pointed out that Z 2?/ a,* is not an 
attitude itself but merely the cognitive basis for attitude-, in other words, 'a person's 
beliefs are not his or her attitude, but his or her attitude is based on his or her beliefs'
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If people's beliefs are known, then it becomes feasible to tell what their attitudes are. 
Since beliefs are interrelated and form systems based on cognition, perceptions, and 
learning processes; changing one component of belief may affect others. For example, 
if users are told that a certain machine has failings and complex control resources, they 
may be led to believe that it is prone to accidents (Nagy, 1991).
Translating and extending Fishbein's model to the relationship between 
individuals and objects in the real world, there are two kinds of factor underlying an 
intended behaviour related to certain object: attitudes to ad  and normative belief 
(Fishbein and Ajzen, 1975; Fishbein, 1980).
The first of these refers to attitude not towards the object, but concerned with 
the behaviour which an individual is contemplating in relation to that object. The 
second factor relates to 'social normative beliefs' (Ajzen, 1971), and refers to what 
influence certain social norms may exercise on specific behaviour; other people's 
opinions as perceived by an individual.
Fishbein then developed his basic model into what may be termed Fishbein's 
Extended Model, by recognising that one of the factors that contributes to an 
individual intention to act in some way is the attitude towards taking that action, and 
not the attitude towards the object of behaviour (Fishbein, 1967, Fishbein, 1980). He 
proposed the following equation to define attitude:
AflC,=  £  B# a, (2)
Where:
Xact = attitude towards specific act,
Bj = beliefs about the consequences of a particular act,
3/ = evaluation of those consequences
In common with many psychological terms, the word trust has many meanings 
and applications. Some of these have been applied and define the attitude and mood of 
people about a specific matter. Trust, faith, confidence, and belief are frequently used, 
for example, to define public opinion about social areas such as family, business.
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politics, and professions. One word is used to refer to different things, and different 
words are used to define the same thing (Barber, 1983).
Here, beliefs are regarded as defined by Rokeach (1975). Beliefs are inferences 
made by an observer about underlying states of expectancy (Rokeach, 1975). When a 
person says: "This I believe..." the observer may or may not be representing accurately 
what they truly believe because there often compelling personal and social reasons, 
conscious and unconscious, why they will not or cannot tell us.
4.3 Muir's model o f trust in machines
The relationship between a human operator and machines in complex systems 
based on the operator's trust has been proposed by Muir (Muir, 1987; Muir, 1989; 
Muir, 1994; Muir, 1996), and Sheridan and Henessy (Sheridan and Henessy, 1984). A 
model of trust for human-machine relationships was proposed by Muir (Muir, 1987), 
by adapting Barber's (1983), and Rempel, Holmes, and Zanna (1985) definitions of 
trust.
According to Muir's (1987) model, trust in human-machine relationship is a 
composite construct from sociological and psychological areas: the sociological 
definition of trust in institutions proposed by Barber (1983) and the psychosocial 
concept of trust in close human relationship proposed by Rempel, Holmes, and Zanna 
(1985). Barber (1983) defined trust "as the subjective expectation of future 
performance" and described three types of expectations related to three dimensions of 
trust:
• Persistence of Natural and Moral Laws,
• Technically Competent Performance, and
• Fiduciary Responsibility.
According to Barber (1983) the persistence of natural laws provides the basis 
for all other forms of trust, reflecting the belief that "the heavens will not fall"... and 
that "my fellow man to be good, kind, and decent (Barber, 1983).” Technically 
competent performance supports expectations of future performance based on
114
Participation. Attitudes, and the Design of Technical Systems Chapter 4
capabilities, knowledge, or expertise from those involved in social relationships and 
systems. Fiduciary responsibility is the expectation that partners will carry out their 
duties and fiduciary obligations placing others' interest before their own.
The definition of trust implies expectations of some kind (Barber, 1983). 
According to Barber (1983) from the list of attributable synonyms, confidence, 
reliance, dependence, faith; trust and its meanings and their uses as a social construct, 
need to be specified by getting theoretical support from systematic social theory and 
empirical data rather than by a semantic or logical exercise.
The Barber (1983) definition may be expressed as the following:
Trust = Persistence + Competence + Responsibility
Muir (1989) in addition to the definition proposed by Barber (1983), 
incorporated three dimensions of trust by interpreting the model of Rempel et 
tir/.(1985). Rempel, Holmes and Zanna (1985) in an attempt to answer some questions 
in terms of how partners trust each other, and feel secure and confident in the most 
intimate relationships, propose three dimensions of trust:
• Predictability,
• Dependability, and
• Leap of Faith.
Figure 4.1 below shows these stages.
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stage3
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Predictability
Level
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/ y
x z Stage 1
Predictability
Sensibility to the 
Influence on Machine'sKnowledge of Actual 
Limits of Machine's 
Behaviour
Ability to Estimate 
Behaviour Changes in Operating 
Environment
Fig.4.1 Trust dimensions (After Rempel et al., 1985, and Muir, 1989)
Rempel et a/. (1985) proposed a hierarchical stage model, where trust evolves 
over time, first depending upon predictability, then dependability, and finally faith. 
According to Rempel and Holmes (1986), faith is the third and final element of trust. 
It enables people to go beyond the available evidence, allowing feelings of faith, which 
begun with past experiences to be extended over what the past can tell us.
The Rempel et a/. (1985) definition may take the following form:
Trust = Predictability + Dependability + Faith
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Muir (1989) interprets the definitions from Barber (1983) and Rempel et al 
(1985) in an orthogonal way, considering the interactions among their elements based 
on acts, dispositions, and motives. Acts and motives are considered in Fishbein's 
(1980) extended model as factors in the attitudes formation process. Dispositions, as 
developed in Grossbart and Amedeo's Model (1979), refers to environmental attitudes 
and sensitivities resulting from past cognition of other environments and experiences.
Expectation Predictability 
(of acts)
Dependability 
(of dispositions)
Faith 
(in motives)
Persistence
Natural Physical events conform 
natural laws
Nature is lawful Natural laws are 
constant
Natural Biological Human life has 
survived
Human survival is 
lawful
Human life will 
survive
Moral Social Human and 
computers act 
’decently'
Human and 
computers are 'good' 
and 'decent' by nature
Human and 
computers will 
continue to be 'good' 
and 'decent' in the 
future
Technical Competence / s  behaviour is 
predictable
j  has dependable 
nature
j  will continue to be 
dependable in the 
future
Fiduciary Responsibility / s  behaviour is 
consistently 
responsible
j  has responsible 
nature
j  will continue to be 
responsible in the 
future
Table 4.2 Muir’s Integrated Framework for Trust in Machine (Muir, 1989, Muir, 1994)
Muir (1987, 1989) proposes the following definition of trust in human-machine 
relationship:
"Trust(T) is the expectation (E) , held by a member (i) o f a system, o f  
persistence (P) o f the natural(n) and moral social(m) orders, and o f technically 
competent performance (TCP), and o f fiduciary responsibility (FR), from a 
member (I) o f the system, and is related to, but not necessarily isomorphic with, 
objectives measures o f these qualities".
Or,
T> =  [ E/(pn+Pm)] +  [E/TCPy] +  [E/FRy] (3)
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Muir (1989) noted Trust (T) is based on the perceived qualities of another (j) 
and is subject to individual (i) interpretation. The perceived properties, which support 
an expectation may assume different value and independent of a referent's actual 
properties, which are referred as the referent trustworthiness. As a composite of three 
expectations (Persistence, Techmcal Competence, and Fiduciary Responsibility) trust 
includes a notion of continuity as fundamental component (P); skill-, rule-, and 
knowledge-based behaviour (TCP), and the intention, and reliability and validity of a 
referent (FR) (Muir, 1996).
By assuming the linearity of the model and that these expectations are 
exhaustively interconnected, with one expectation modifying another, Muir's (1989, 
1994) model takes the following form:
T =  Bo + B1X1+ B2X2 + B3X3 + 64X1X2 + 85X1X3 + 65X2X3 + B7X1X2X3 (4)
Where.
T = Trust 
B0-7 = are parameters,
X] = P(persistence),
X2 = TCP(Technically competent performance),
X 3 = FR (Fiduciary responsibility).
Muir's full proposal (Muir, 1989, Muir, 1994, Muir, 1996), by outlining all 
expectations from Barber (1983) and Rempel et al. (1985) definitions of trust, both 
considered in her model, might be written as the following:
Trust = Predictability + Dependability + Faith + Competence + Responsibility + 
Reliability
Muir (1996) reported two experiments which examined an operator's trust in 
and use of automation by testing the integrated model of human trust in machines
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proposed by Muir (1994). The results suggested that users subjective ratings of trust 
and the properties of the technical system which determine their trust, can be used to 
predict and dynamically allocate functions in automated systems.
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Perception (l|of 
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et others t-n
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Fig. 4.2 Muir’s Schematic Model of Trust in Machines (Muir, 1987, Muir, 1996).
Lee (1992), who used Muir's (1989) model (see schematic model Figure 4.2 
above) proposes another possible interpretation for trust regarding the concept of 
operator's trust given by Zuboff (1988), and the original definition developed by 
Barber (1983) and Rempel et al (1985). He advocated that Barber's (1983) 
dimensions of trust (persistence, technical competence, and fiduciary responsibility) 
take Rempel et a l ’s (1985) definition as complementary dimensions. Rempel et al 
(1985) introduced the idea of a dynamic nature of trust through the dimensions 
predictability, dependability, and faith. The issue discussed above is shown in Table 
4.3.
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Lee (1992), therefore, extended Muir’s model of trust proposed advocating 
that as an operator's trust in automation may influence their reliance on automation; the 
operator's self-confidence may contribute to their dependence in automation. The 
operators' anticipated performance during manual mode (self-confidence) may interact 
with their trust in the automatic system to guide their operating strategy. If  operator's 
self-confidence fails to correspond to their actual abilities then they may allocate 
automation inappropriately, just as mistrust may lead to an inappropriate allocation 
strategy.
Barber (1983) Rempel et a l 
(1985)
Zuboff
(1988)
Purpose Fiduciary Responsibility Faith Leap of Faith
Process Not applicable Dependability Understanding
Performance
Technically Competent 
Performance
Predictability Trial-and-Error
Experience
Foundation Persistence of Natural Law Not applicable Not applicable
Table 4.3 Proposed relationship between the different dimension of trust (Lee, 1992)
4.4 Grossbart and Am edeo’s model o f feelings in environments
The conceptual framework developed by Grossbart and Amedeo (1979) 
addresses the issue of how environments influence people's feelings. This investigation 
represents an attempt to clarify an important part of subjective environmental 
experiences, in order to understand how individuals perceive, know and behave 
towards the environment based on the influence of their personal experiences.
Grossbart and Amedeo (1979) described an empirical work on the feeling 
experience in the environment in which the individual has been exposed (Mehrabian 
and Russel, 1974), in order to explain how basic dimensions of emotions serve as 
mediators between environmental exposures and subsequent behaviour. In this regard,
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Mehrabian and Russel (1974) highlighted that "physical or social stimuli in the 
environment directly affect the emotional state of a person, thereby influencing their 
behaviour within it".
This may be considered an import insight to the design process not only in 
terms of physical design attributes, but the user involvement level within a design 
development, because the type and intensity of feelings play an important role in the 
initiation of behaviour. The reactions between the usual affective responses to 
environments and subsequent behaviour are not well-known (Grossbart and Amedeo, 
1979).
In everyday environment interactions, researchers have emphasised the 
importance of subjective experiences through the feelings the individuals are submitted 
when interacting with them (Groves and Kahalas, 1975; Sears and Auld, 1976).
According to Grossbart and Amedeo (1979), the man-environment relations 
include many tangential, behavioural, social and physical issues that should be 
considered by researchers undertaking such studies. To enable this, Grossbart and 
Amedeo (1979) also noted the need to borrow theories and definitions from a variety 
of disciplines..
There are, however, difficulties in adapting whatever knowledge has been 
developed to real-world settings. Beside this problem, they stress the difficulties for 
research on feelings in real-world settings, considering, for example, the difficulty of 
selecting an appropriate framework from non-environmental literature for use as a 
tentative model for studying feelings in an environmental context.
The Grossbart and Amedeo model proposed how to examine feelings 
specifically in a built and natural environment context, "because the existing literature 
dealing particularly with the nature o f emotions, how they arise, and how they 
influence behaviour overwhelmingly employs constructed or lab-like settings" 
(Grossbart and Amedeo, 1979). The term feeling used by Grossbart and Amedeo 
(1979) as an emotional and affective experience, focuses on that part of emotional 
experience that produces a change in thought, attitude, mood, and behaviour of the 
individual.
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Dimension
Reaction Reaction
Environm ent
Envirormental stim i 
with varying cue 
potential
Environm ental History
Includes vicarious and direct 
environmental experiences
Immediate Needs 
and their 
Intensities
Experienced affective reactions: 
FeeSngs
Environmental attitudes 
and sensitivities resulting 
from past cognitions of 
other environments
Environmental
D ispositions
1 Acquires information through senses;
2. Making sense of the cues from properties 
and combinations of properties in environment;
3. Selective focusing, interpretation and 
appraisal of properties and their cues:
4. Use of affective memory with regard to 
footings experienced in other environments.
Cognitive P rocess
Fig. 4.3 Schematic process of an environments influence on feelings (Grossbart 
and Amedeo, 1979).
The scheme shown in Figure 4.3 represents the non-hierarchical interactions 
between the environment itself, the individual cognition of the environment, and 
experienced feelings resulting from that cognition. The nature, meaning, and 
significance of a particular environment depends quite heavily on the ways in which the 
individual acquires information about the setting and the manner in which the 
information is processed (Grossbart and Amedeo, 1979).
When individuals encounter an environment and become part of it, they are 
submitted to a set of environmental stimuli. They activate the variables which reside in 
the human mind and mediate the human observable response to complex set of 
environmental stimuli; These stimuli may be translated into hypothetical constructs 
such as workload and mental models. These stimuli have a varying potential to be 
utilised as cues. The significance and meaning of the environment through the 
individual's interpretative and evaluative process (cognition process) are initially
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carried on by the individual to make sense and attribute meaning in the cues from the 
perceived properties in the environment.
The individual's cognition is influenced by simultaneous operating factors: his 
environmental history, his environmental dispositions, and his personal needs. As 
Grossbart and Amedeo (1979) explain: “the environmental history refers to the 
individual s accumulation o f information from past environmental exposures, and has 
a selective but direct effect on the cognition o f the immediate environment, in the 
sense that the individual is more likely to make use o f that which was learned about 
similar exposures in the past in order to interpret the setting o f concern". The 
cognition process is indirectly affected by a participating influence of the environmental 
history throughout the individual's environmental dispositions and the individual 
needs.
The individual's environmental dispositions act much like biases in the cognitive 
process and are reflections of the variables such as trust and attitudes with different 
strengths and intensities an individual may have developed toward different dimensions 
considered in the environment. These factors have a paramount importance in the 
design process, in the sense that they are indications of the different tendencies to 
accept and understand the environmental settings in a distinct and personal manner, 
based on previous and individual experience. McKechnie (1974) cited by Grossbart 
and Amedeo (1979) has suggested that differences in environmental dispositions 
appear to be good model of personality types. He sees environmental dispositions "as 
individual differences in the ways people think about and relate to the everyday 
physical environment". It is for this reason that needs and environmental dispositions 
have been mutually related in the schema, because they independently and in 
conjunction, create the biases, or collectively, influence the individual's cognition, 
providing meaning, significance, and sense for the environment.
The affective reaction the individuals experience in the environmental 
encounter provides the formation of feelings based on, at least, the individual's 
expectations. In this process the individual acquires information about features in the 
environment, interprets and translates cues from these features. Thus, the individual 
establishes an attentional demand to selected features for appraisal, and defines 
strategies based on past affective and long-term memories, which provide feelings
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experienced under similar environmental settings. Throughout the repeated cognitive 
appraisal (see Lazarus, 1982; Smith and Lazarus, 1993; Eysenck and Keane 1995) 
and through affective memoiy recall of environment states occmred in the past, the
affeCUVe reaC,'°"  85 3 feeling reaction (Rr> and behavioural reaction (Rb) is established.
Based on their theorising, Grossbart and Amedeo (1979) proposed a working- 
model which includes four categories o f variables:
It contains three variables, cue utilisation, interpretation, and influence; 
enwronmem. ' enC° mpaSSeS cognitive manifestations of emotional responses to
! Z e t é no fhfeeLgs;ableS: ^  offeeIin^  and
It should be observed that in Grossbart and Amedeo's work they consider the 
core relationship (i.e. environment, cognition, and feelings) as a continuous mode, 
influenced from interactions between individual's cognitive appraisals and 
interpretations of the setting itself. They suggest subsequent behaviour provides 
feedback effects characterising feelings, not only as possible initiators of certain types 
of behaviour, but are temporal as well as spatial in character and, therefore, take place 
while the individual is actively interacting with the environment.
They establish a relationship among variables defining equations corresponding
to the dimensions considered in their model. Regarding to attitude they define this is 
postuled as follows:
Where:
I f y -  K ( / / } ) af (for all J) (5)
IB; -  influence of feelings on the j* intention to behave.
IFr  average intensity of feelings on the f  intention to behave. 
K  and Gt; = parameters
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They offer their working-model as a potential testable construct, providing 
elements to be subject to empirical measurement. Here, trust is a set of beliefs based 
on expectations that will influence the intention to behave (Grossbart and Amedeo, 
1979). These intentions to behave will be influenced by feelings.
The individual's strategies to apprehend the complex set of environmental
stimuli interactions (i.e. social and psychological) will be based on the dimensions of
expectations as proposed by Rempel et a i (1985) (i.e. predictability, dependability,
and faith), and Barber’s (1983) construct of trust (i.e. fiduciary responsibility, 
competence, and persistence).
4.5 Attitude, participation, and the design process: Proposing a new 
model
Fishbein (1967, 1971, 1980) has considered that belief formation follow the 
laws of learning: some of the implicit evaluation about a system or object associated 
with the response becomes conditioned to the stimulus object. The participative 
approach provides an opportunity of involvement with the nature, intrinsic 
characteristics and attributes of the system or object of the concern. The implicit 
evaluation associated with a response constitutes attitude which may have been formed 
as the result of prior conditioning (Fishbein, 1980).
Prior and continuous individual participation in the design process of a specific 
system, object, goal or concept will provide a response. This response will be 
performed to the extent that it has been positively or not reinforced. If the system or 
object is now viewed as a stimulus and the related as a response, belief in a system or 
object corresponds to the probability that the stimulus elicits response. The implicit 
evaluative reaction (attitude) is viewed as predisposing the individual to perform 
various overt behaviours. Fishbein (1967, 1980) advocated that attitudes are 
predispositions and may be acquired through a learning process.
It can be seen that an individual's attitude towards some objects, systems, value 
or goal is determined by their trust that the system has certain attributes and by their 
evaluation of those attributes (Fishbein, 1971). The Fishbein (1967) framework 
suggests that an individual attitude towards an object or system is related to a set of
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beliefs (i.e. trust, see Rokeaeh, 1968, Rokeach and Kliejunas, 1972 for further 
discussions) about the object but not necessarily to any specific belief
4.5.1 Attitudes based on trust and the effects of participation in design
Analysing work and system design in terms of people's attitudes and trust, the 
relationship can be understood as a set of concepts, affirmations, and explications, 
originated in the quotidian, during inter-individual communications and man-system 
interactions. Attitudes and trust provide what is needed to build a stable relationship 
between the workers and the system. Departing from an egocentric representation 
where all representations are centred around the subject own activities, usually 
disconnected and fragmented, trust evolve toward a subjective and individual 
representation based on some perceived environmental relevant points or aspects.
Elementary semantic concepts, which are assumed to govern human knowledge 
representation may be linked to a well-recognised design language. These elementary 
semantic concepts introduce an approach of operator's attitude and trust into the 
design of work systems based on their expectations.
According to Barber (1983), expectations are meanings that actors attribute to
themselves and others as they make choices about which actions and reactions are
rationally (cognition) effective, and emotionally (affective) and morally appropriated 
(behaviour).
Fishbein through his extended model, advocated that one of the factors that
contributes to an individual intention to act in some way is the attitude towards taking
that action, and not the attitude towards the object of behaviour (Fishbein, 1967,
Fishbein, 1980). Fishbein (1971) recognised that although an individual may hold
many beliefs about a given object of concern, there are probably no more than 7±2
beliefs that serve as primary determinants of an attitude at a point in time. So, the set
of beliefs that individuals expect to be fulfilled or not fulfilled, will have various
functional and dysfunctional consequences for the interactions and systems relationship 
in which the individuals are engaged.
Here, it is assumed that the six dimensions considered in Muir's (1989) model, 
persistence, technically competent performance, and fiduciary responsibility as
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proposed by Barber (1983); and dependability, predictability, and faith (as proposed by
Rempel et a i, 1985) will be influential on the attitude that contributes to an individual 
intention to act.
Fishbein's Model in Eq. (2) previously described to define this attitude and the 
Muir's Model in eq. (3) to express trust in machines, are as follows:
Aflc/=  £  Bj  a,- (2)
=  [ E^Pn+Pm)] +  [E, TCP,] +  [E ,fr , ]  (3)
As Fishbein (1971 p.58) pointed out, "although each belief suggest an attitude, 
the attitude per se can only be reliably abstracted by considering the many beliefs an 
individual holds". Thus, considering the composite of three expectations (Barber, 
1983) which includes in an orthogonal manner the three dimensions proposed by
Rempel e! ai (1985) and Muir (1989, 1994), Fishbein's (1967, 1980) extended model 
takes the following form:
Aacf=  2  (Expectations! ) (evaluated consequences,-) (6)
Then, this can be expressed as follows:
Aflc/ = T\ a, (7)
where:
A*,,* = attitude to act towards specific intention to behave concerning an object 'o\
T, = trust held by an individual (e) influenced by the evaluation of the consequences 
of a particular act towards an object 'o',
3/ = evaluated consequences for a particular trustful act toward object 'o'.
Hence, the following equation is formulated:
=  [ E^Pn+pm)] a, +  [E, TCP,] a, +  [E ,fr , ]  a, (8)
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Given this mathematical definition of attitude to act (A*,), and by using Muir's
linear model from Eq. 4, which can be incorporated at this stage, results a final model 
as the following:
A aa =[B„ + B,X1+ B2X_, + BjXj + B4X1X2 + B,X,X5 + 6^ X 3 + B7X,X2X3] a, (9)
Where:
object V ° a  = attitUde t0 ^  tOWards a sPecific intention to behave concerning an
Bq-7 = are parameters,
Xj = P (persistence),
x2 = TCP (Technically competent performance),
X j = FR (Fiduciary responsibility),
a; = evaluation of consequences for a particular trustful act toward object V.
Fishbein, in his initial model, demonstrated that an individual's attitude toward 
any object can be predicted accurately from a knowledge of the person's beliefs about 
the object and the evaluative aspects of those beliefs. When his extended model, here 
amended to the trust as defined by Barber (1983) and Muir (1987), is applied to the
attitude toward an act, rather than an object, the model involves expectations (E, )
about the consequences of performing the act and the subjective evaluation of these 
consequences (Ajzen, 1971).
The nen’ model (Eq. 9) here proposed suggests that attitudes influence trust
toward an object V, but trust toward an object V influences attitudes to act toward an 
object 'o' as well.
4.5.2 Summary considerations on the proposed new model
The hypothetical construct of trust does seem to capture a certain nature of 
attitude to act towards an object 'o' as proposed by Fishbein (1967, Fishbein and Ajzen,
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1975), because trust encompasses both a hierarchical stage through predictability, 
dependability, and faith; and the evaluation and control of consequences through 
persistence, technically competent performance, and fiduciary responsibility.
Firstly, the dynamic nature of trust as proposed by Rempel et a i (1985)
assumes that future behaviour will mirror the past and an intrinsic set of circumstances
that involve risk and personal vulnerability. Secondly, according to Barber (1983)
"soeial relationships and systems develop both functional alternatives for their
various structures and processes and functional complements that work together with
any given structure in order to enhance the possibility o f achieving desired 
consequences".
According to Muir (1994) trust cannot be measured in any direct sense
physically. It is similar in this way to other important constructs in human factors such
as mental workload and mental models (Muir, 1994). As the construct resides in the
human mind and activates the internal processes, these constructs intervene in the
human being's observable responses to environmental stimuli; and it is not possible to
identify the existence of an intervening variable (Muir, 1994, Centner and Stevens, 
1983; Johnson-Laird, 1983).
The individual’s attitude to act ( \ act) towards a system or object (o) of concern 
is influenced by a set of expectations (T,.) which affect the intentions to behave due to 
involvement and interaction with the object or system of reference.
Motivated by the qualitative measures and the needs for studies on the effect of 
the participation approach into the design process, a qualitative definition for attitude 
to act as a function of the degree of trust is proposed according to Equation 9.
The present hypothetical model was proposed to be tested by assuming that 
participation as an external variable influencing attitudes and behaviour, through a set 
of expectations and an evaluation of consequences. As the participation influence may 
change over time and from one group of concern to another, the effects of 
participation can enhance the understanding of a given behavioural situation. The 
validity of the present model depends on support for hypotheses and empirical support 
concerning the effects of external variables such as participation for the relationships 
between trust, attitudes and behaviour.
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Figure 4.4 summarises schematically the proposition and relationships 
contemplated in the new model. It shows how behaviour can be explained in terms of 
attitudes, intentions, trust. It traces causes of behaviour including the influence of 
individual’s participation and involvement with referents and object of concern.
Participation in the 
Design P rocess of the 
Object "o"
Calibration
Object ("o")
Behaviours(i) with respect to 
system or objectf'o")
System or 
Objectfo") 
Attributes 
evaluation
lntentions(/)to 
Behave with 
Respect to 
System or 
Objectf'o")
Attitude(i)toAct 
Towards a  System 
or Objectf'o")
Technical competent
performancefTC)
Fiduciary
Responsibility(FR)
Persistence(P)
Dependability
Predictability
Faith
Set of Expectations 
held by (i) about an 
Objectf'o")
Design
Process
Fig 4.4 Schematic conceptual model on attitude, trust in participation, and 
the design process (Silveira, 1999)
In analysing the trust and attitudes on the level of the user's involvement in the 
design process of technical systems through Fishbein's and Muir's models, in fact, only 
the effect on behaviour component has been emphasised because of difficulties in 
assessing the affective and cognitive components. The effect of a change in attitude 
due to a lack of cognitive and affective approaches is worthy of investigation. Some 
dimensions should be considered when assessing the user's participation level in the 
system design process: the level of involvement, intrinsic motivation, level of job
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satisfaction and workplace design satisfaction (Hackman and Oldham, 1976, 1980), 
characteristics of the jobs and tasks to be performed, and awareness and commitment 
to design improvements.
The immediate concern of the present model is the prediction of behavioural 
intentions in participatory design approaches, which are assumed to mediate the user's 
overt behaviour based on the level of involvement and participation in the design 
process of technical systems. This new model, considers an individual's intentions to 
perform a given act as a function of their attitude towards performing that behaviour 
(Aacf) and his set of expectations about what others (i.e. co-workers, supervisors and 
managers) trust them to do in that situation, considering their knowledge and skill, and 
participation in the design of the technical system.
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CHAPTER 5 
Methodology
Xow èeautifuC tfie worCd is, and How ug(y Ca&yrintfis are, '
I  said reReved.
Jfow BeautifuC tfie worCd would 6e iftliere were a procedure 
fo r  moving tfirougfi Ca6yrintfis, * my master repRed
(The Xame of the Rose. 1983. by Umberto Eco. writer)
5.0 Introduction
The workers’ participation in design is of instrumental value for creating the 
most effective and productive work environment. The collaborative approach through 
the engineering design team, and the workers involvement in design as equal partners, 
creates the means for a proactive and effective design process, where designers take 
advantage of the workers knowledge and skill in the work environment.
A new model has been proposed in order to better understand the users’ 
attitudes when interacting with technical systems as a result of their participation in the 
design of these systems. This new model encompasses the composite of confidence 
held by the individuals (Barber, 1983, Rempel et.al, 1985, Muir, 1987, Muir, 1989) 
and their attitude to act (Fishbein, 1967, Fishbein and Ajzen, 1975). The approach for 
the assessment of worker's level involvement and participation considers the 
development of subjective evaluation of attitudes and intentions towards a new 
(re)design. The worker's attitude, intentions and behaviour are regarded as the 
consequence of a set of beliefs generated from the design intervention in the work 
environment.
The objectives of the proposed methodology are:
• To describe the specific aims of the research, its organisation and strategy;
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• To test the hypothesis proposed through a case study, to provide a qualitative basis
for understanding the factors that guide workers’ attitude and behaviour when
involved in a design intervention in the work environment;
• To outline the main tools to be developed and applied in the present research
addressing the core issues of the model proposed;
• To provide an understanding of the characteristics of a specific operator's task (in 
the oil industry’s domain) as an exemplar environment for which a participatory 
ergonomics design approach was being investigated;
• To extend the investigation carried out in a prior study.
5.1 Conditions and nature of the study
The nature and conditions of the study motivated its development in realistic 
settings, permitting a naturalistic approach to attitudes and participation. The 
implementation of the participatory process within the oil rigs selected for the study 
followed specific requirements for each situation contemplated at the design decisions 
stage. The project management teams for each platform adopted different strategies to 
tackle the project’s phases timely and according to the upgrade’s budget. The 
empirical investigation was characterised by the freedom in the set up of the 
experimental situation, since the participation in the design process was a consequence 
of the contingencies within each offshore project.
The flexible approach provided means to investigate the implementation of 
ergonomic design improvements for drilling in two fronts: (1) in two ongoing oil rig 
upgrade projects, and (2) the adoption of ergonomic guidelines for design at product 
development level within the oil industry.
The field study involved interviews, visits to the oil rigs, oil companies, 
engineering design firms, and manufacturers. Also, it contemplated observations of the 
design efforts to accomplish the refurbishment of the driller’s cabin in both oil rigs, and 
the remaining design, procurement, and construction activities within these projects. 
In addition it included the observation of the ergonomic design effort of a well defined 
workstation on the oil rig -  the driller’s cabin -  and enabled the identification of the 
operator’s role in the design process.
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The overall data collection took approximately two year and three months. It 
involved several trips to the shipyard in the Netherlands, where the first platform 
started the upgrade activities, a follow up of the second platform upgrade in Portugal, 
and ended up with the interviews in Brazil, before and after the two oil rigs came back 
for the drilling operations. The visits to the second platform, which undertook its 
upgrade in Portugal occurred during the final phase of the project in Brazil. Also, it 
involved an interviewing process, which included representatives within the oil industry
While interviewing and observing the upgrade activities, gave an important 
insight into research issues, the visits and interviewing process among engineering 
design firms, manufacturers and oil companies provided qualitative information on the 
implementation of the ergonomic design solutions for those installations. A flexible 
approach was adopted allowing an empirical investigation in its natural environment 
and outside experimental control.
5.2 Installations
The proposed study was carried out in offshore drilling platforms, where 
innovations have posed some challenges to the human operator. The introduction of 
innovation in drilling operations such as computer-based systems and resources for 
deepwater has promoted substantial changes for the drillers’ tasks. New ideas has 
been developed to reduced costs and the development of technology through the 
utilisation of offshore oil rigs for drilling in deep waters.
Thus, the changes in the design of the work environment, which affect the 
activities performed at the drill floor, were the object of investigation. The 
investigation aimed at, in particular, the re-design of the driller’s workstation and the 
drillers’ involvement in workplace improvements with respect to design.
The two mobile offshore drilling units involved in the study were in the 
shipyard for their facilities upgrade and refurbishment to operating in respectively 
1,500 m and 1,900 m depths in Atlantic ocean, and after that, they were assigned for 
E&P operations at Campos Basin in Brazil.
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These two offshore drilling units were chosen to this study primarily because 
their assignment to be upgraded and a previous ergonomic study, which considered 
ergonomic design constraints on the drill floor. The upgrade included a particular new 
design for the driller’s cabin being studied. Also, by adopting additional equipment for 
material handling and drilling systems in these oil rigs, fundamental changes were 
introduced in the task demand to the subjects who participated in the study.
Considering the two offshore drilling units for deepwater, the first one, 
platform PETROBRAS-23, was upgraded to 1,900 meters of sea depth and a partial 
modification in the driller’s cabin was undertaken, which included the introduction of 
computer based drilling systems; resulting in a hybrid driller's cabin design when 
compared to the traditional lay out.
The platform PETROBRAS-10 was the second drilling rig to be modified. It 
was upgraded to 1,500 meters of sea depth with substantial modification of the drill 
floor and driller’s cabin design. The refurbishment of this unit also included the 
introduction of computer based resources for drilling operations.
5.3 Subjects and profile
Subjects who took part in the present study were drillers and driller’s assistants 
working within one of the selected offshore drilling platforms. A total of fifteen drillers 
participated in the study. From this total, eight individuals were drillers working in the 
platform PETROBRAS-23 and seven drillers were working within the platform 
PETROBRAS-10.
They work in pairs distributed in five different drilling teams within the oil rig. 
Enough experience is required from the subjects in this job, mainly in offshore 
platforms. Their ability to carry out drilling tasks, processing information and perform 
decision-making tasks effectively, are essential to the safe and efficient drilling 
operations. The participation was voluntary. The subjects were introduced to the 
objectives of the research and asked to participate according to their perception of 
importance of the study and future contributions to their own work. The main part of 
the data collection started in coincidence with the arrival of a new team on board to 
each selected drilling platform.
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For the survey in the oil industry, the representatives from manufacturers, 
engineering design firms, and major oil companies were selected through previous 
contacts to their compames. They were product managers, design engineers, 
marketing managers, and human factors specialists.
5.4 Method, tools, and general procedures
The nature of the study required that task demands and other self-reported 
information were recorded. The main concern was the drillers’ attitudes towards the 
technical system by focusing on the individuals’ level of satisfaction with participation 
in design decisions, attitudinal changes after the engineering intervention and the 
individuals’ design attributes preferences. The study was carried out through 
questionnaires {Appendix K), informal interviews (by using Questionnaire II and III as 
an informal guide {Appendix IV)), photos {Appendix III) and video recording (see 
Oppenheim, 1992 for discussions).
The data collection included information about actual and preferred driller’s 
cabin lay out and control panel design, measures of satisfaction with the current 
workplace. This approach provided an alternative point of view from the subjects, in 
order to assess the relative advantages and advantages of the current design of the drill 
floor, and specifically, the design of the driller’s cabin. The data collection within the 
oil rigs started on the individual’s first week of the offshore work cycle. The 
procedure continued throughout the weekly cycle, covering all drillers available within 
five drilling crews.
5.4.1 Preliminary interviews
During a preliminary visit to the platform, meetings were held with the 
managers, drilling engineer, supervisors, and drillers, to discuss ergonomics aspects of 
the field study and to collect information on work organisation. They were asked to 
identify changes in workplace design, work content and procedures considered useful 
for future improvement in the drilling process.
136
Participation. Attitudes, and the Design of Technical Systems Chapter 5
Although a total of ten drillers for each oil rig were estimated to be 
interviewed, during the data collection, contingencies such as vacation, leaves onshore 
and health issues reduced the number of drillers available for the interviews.
The drillers were asked, in the main part of the data collection, to describe their 
work and demonstrate how they work with current technical resources at the drilling 
floor and driller’s cabin layout. Opinions on the driller’s actions, and relationship with 
other drilling crew members such as roughnecks and derrickman, were also collected. 
Additionally, they were inquired about their participation in the design definitions in 
key areas on the drill floor, including the driller’s workstation.
5.4.2 Timing
Initially, the drillers were interviewed on two separate occasions during the trip 
to the oil rig in the shipyard in the Netherlands (Platform Petrobras-23), in order to 
identify individual perception of the work constraints. A follow up was carried out as 
the upgrade progressed, and a final interview in Brazil. The drillers working in the 
Platform Petrobras-10 were interviewed after partially concluding the engineering 
intervention in Portugal, and when preparing for operation in Brazil.
The subjects were re-interviewed three months after the platforms had left the 
shipyard. These individuals were drawn from among those who had remained in the 
same installations under study. They constitute a sample that would match with the 
earlier group in terms of job. This process was more arduous after the oil rigs started 
the drilling operation because shift constraints made the drillers sometimes unavailable 
to the interviews. Whilst doing the final adjustments and corrections in the systems 
and equipment before drilling, the drillers were able to respond to the questionnaire 
and interviews scheduled. As Meister (1985) pointed out: "the purpose o f ergonomics 
is to describe, analyse, measure, predict, and control the real world o f systems 
functioning operationally (i.e. not under experimental control)"... "that in 
consequence, the ideal environment to gather data is the operational environment" 
(Meister, 1985 p. 14). hence, the objectives of the study were pursued through a fertile 
environment to obtain ergonomics and behavioural insight into the context.
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5.4.3 Work analysis
An ergonomics work analysis was proposed (De Keyser, 1991) as a foundation 
for further hierarchical task analysis (Shepherd, 1985; Shepherd, 1989; Hollnagel, 
1993), and also to determine the composition of system demands and the user's 
strategies for achieving system functions after changes in the driller’s workstation. 
Interviews were tape recorded when permitted by the subjects and transferred to text 
files for further analysis (translated from Portuguese).
In planning the work analysis, preliminary visits were conducted in the oil rigs 
involved in the study. Discussions with drilling engineers and drilling crew were 
undertaken in order to guide the strategy to be adopted in gathering the information 
concerning the drilling tasks, which could be useful for the design of those 
workstations. The main aims were:
a) To collect data on a range of drilling rigs varying in design patterns and 
mechanisation levels;
b) To provide an empirical reference in a way that would potentially develop a 
background, enabling the production of ergonomics appreciation into 
design at layout stages;
c) To analyse the relationship between design attributes on the drill floor, 
which impacts the communication between the crew members, the usability 
of controls and displays, and the conditions of comfort and safety while 
performing the drilling tasks.
d) To update information about task requirements and allocation of function 
for the current design of drilling workstations, considering the introduction 
of automation.
Some issues concerning design may be identified through the analysis of the 
tasks involved in the drilling work. Also, the design of questionnaires for assessing 
participation and attitude has been conceived and adjusted in light of the information 
and observations gathered from the analyses of the drilling tasks. A series of informal 
interviews carried out on the two participating offshore platforms to ensure that
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current tasks to be performed and design requirements were adequately covered in the 
questionnaires, and in the design assessment proposed within the present study.
5.4.4 Tools
In selecting the methods to be utilised for assessment of the users’ preferences 
of design attributes, this study adopted tools based on interface survey (Mitchel, 1992; 
Mitta, 1993; Wei, 1997) regarding the evaluation of design attributes. This study also 
adopted rating scales regarding the behavioural analysis encompassing attitude and 
satisfaction towards participation in the workstation design (Fishbein and Ajzen, 1980; 
Meister, 1985, Maranell, 1974).
The survey within the oil industry, as an additional tool, permitted that visits 
were carried out to representatives who were available to the study. During these 
visits, those representatives were interviewed on how ergonomics has been introduced 
in the design and the difficulties in involving several parts participating in the 
development of large made-to-order facilities such as offshore drilling units.
The methodology proposed established one set of four main tools, and a 
general data questionnaire {Appendix I). Initially, demographic and training 
background questionnaire was applied {Questionnaire I). It was carried out with all 
individuals working in the offshore platforms involved in the study through partly 
informal and semi-structured interviews. The drillers were asked to complete 
Questionnaire I  with their personal data (age, marital status, educational level, length 
of employment and training).
The main tools were aggregated in three blocks. The first two blocks, namely
(1) ‘participation and attitude assessment’, and (2) ‘subjective design attributes 
assessment’, were devised to test the hypothesis related participative role of the users 
in the design process and to influence their attitudes. The third block, (3) Policies and 
Strategies for E&P Design Assessment was intended to extend the approach, by 
investigating strategies for ergonomic design of drilling workstations and the 
introduction of technology in those occupational settings. These tools are summarised 
in Table 5.1 as below.
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Participation and Subjective Design Policies and
Objectives Attitude Assessment Attributes Strategies for E&P
________________________________ Assessment________ Design Assessment
Participation in the 
Workplace, and the 
Design Process
Satisfaction, Design preferences Policies and Strategies
for Design Survey 
Design Attributes (Manufacturers,
Evaluation Tool Designers and Oil
Tools Questionnaire II 
(Participation Scale)
Companies) 
Questionnaire IV
Attitude, Participation, 
and the Design Process 
Questionnaire III 
(Attitude Scale)
Table 5.1 Summary of objectives of the tools designed for the study
There have been two reasons for applying Questionnaire II and Questionnaire 
HI. The first was to improve consistency of the observations collected in the field by 
focusing on the subjective feeling of participation among subjects in two different 
teamwork. Questionnaire II was intended as a Participation Scale. The second 
reason was to understand whether individuals engaged in the same job from distinct 
installations within the similar re-designed workplace, combined with different 
backgrounds, can produce similar attitudes.
In the Questionnaire II  five dimensions were considered in order to assess 
satisfaction with participation in the present study:
•Dimension 1: Involvement
•Dimension 2: Intrinsic motivation
•Dimension 3: Satisfaction with workplace design
•Dimension 4: Job characteristics
•Dimension 5: Commitment and ergonomics awareness
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Questionnaire III  was intended as an Attitude Scale and included nine 
dimensions:
•Dimension 1 : Intention (variable with 4 sub-scales)
•Dimension 2: Attitude (variable with only one scale) 
•Dimension 3: Subjective norm (variable with 2 sub-scales) 
•Dimension 4: Expected utility (variable with 5 sub-scales) 
•Dimension 5: Referents (variable with 6 sub-scales)
•Dimension 6: Beliefs (variable with 2 sub-scales)
•Dimension 7: Expected results (variable with 2 sub-scales) 
•Dimension 8: Normative beliefs (variable with 2 sub-scales) 
•Dimension 9: Motivation to comply (variable with 3 sub-scales)
Questionnaire IV  was designed for a survey within the oil industry. The 
purpose of Questionnaire IV  was to investigate, by means of personal interviews with 
technology managers and technical personnel, human factors and ergonomics issues 
relevant to engineering design for E&P facilities.
The focus of this survey was to identify the role and levels of influence of 
companies in three different sectors associated to the petroleum industry: oil 
companies (majors and independents), manufacturers (equipment), and engineering and 
design consultants. In addition, the survey provided means to gather pertinent 
information on the implementation and integration of oil and gas E&P resources for 
future automation.
Such integration within an ergonomics perspective should lead significant 
changes in, for example, human resources practices, workplace design, employee 
training and skill acquisition, organisational design and management, and managerial 
economic aspects of E&P activity. The survey was carried out among Norwegian, 
North American, and British companies and consultants.
Taking all these factors into account, the final approach addressed problems in 
their practical context; recognising the importance of the individuals, and organisation 
inthe design process. The terms "user" and "individual" applied here mean the one 
who performs or behaves in a work situation or who acts by the interactive effect of 
social, technical, cultural, and economic systems.
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5.5 Outlining of the method for participation, and attitude assessment
Based on the attitude theory liiterature, regarding measures of attitudes the 
methodology of the present study was proposed to address attitude and participation 
The model of Attitude to Act developed by Fishbein (1967, 1971) and some insights 
from its extended theory, which includes the individual’s reasoned action (Ajzen and 
Fishbein, 1980), and planned behaviour (Ajzen and Madden, 1986), may be applied 
into the design field. Also, the approach and methodologies in the job satisfaction 
(Cook et a i, 1981) was considered with respect to satisfaction with participation.
The proposed study, by taking the Fishbein’s model of attitude, emphasises the 
participatory approach and ergonomics. Contributions were considered from other 
behavioural researches (e.g. Urlings et a i, 1990, Greenbaun, 1992).
According to Ajzen and Fishbein (1980) external variables can influence 
intentions and behaviour, but only indirectly. This indirect influence may exert its 
effects on behavioural beliefs, evaluations of consequences of behaviour, social and 
moral beliefs, motivations to comply, or on the relative weights of the attitudes, social 
and moral obligations components. They assume that behaviour can vary in action, 
target, context, and time elements. Changes in one or more of these elements may 
influence the attitude by leading to very different beliefs about the consequences of 
performing the behaviour of concern.
In the context of the present study it was assumed that participation in the 
design of a workstation, as an external variable, is related to a positive attitude 
towards the re-designed workstation. Individuals with different level of involvement 
and participation during the design of ergonomic improvements may have different 
evaluations of the outcomes from the intervention undertaken. The differences in 
attitudes may be influenced by the strength of beliefs built up during the participatory 
intervention. Figure 5.1 below shows these indirect effects as proposed in the new 
model.
Participation. Attitudes, and the Design of Technical Systems Chapter 5
ce
=30
1 
X  
ai 
m
aiH
Ê5® -
llîien en
S
$ %
o  en n
0
1
y
&
2
3ro
I
1ro
c
S
I I  Q. O
<u -°
I s
I I
| I
i l
o  en
â !en «a
I Iro <o c  o
1 ® 
5 8 
® £
1 1  o. en
A A
143
Fi
g.
 5
.1 
R
el
at
io
ns
hi
ps
 
be
tw
ee
n 
pa
rti
ci
pa
tio
n,
 a
tti
tu
de
s,
 i
nt
en
tio
ns
, 
an
d 
be
ha
vi
ou
r
Participation. Attitudes, and the Design of Technical Systems Chapter 5
5.5.1 Satisfaction and participation assessment: Criteria for scales
Rating scales applied in behavioural research provide numerical scores, which 
can be used to compare individuals and groups. Verbalisations by the workers in the 
form of a commentary about their actions and their immediate perception, allow us to 
obtain or infer information on the covert psychological process underlying attitude, and 
satisfaction, which are not directly observable (Oppenheim, 1992).
There is always the risk of the act of verbalising about a task interfere on the 
behaviour under investigation (see Meister, 1985), therefore, in designing the 
experimental protocol for this research, associated evaluations were undertaken in 
order to reduce bias or inaccuracy considering eventual interference with the basic 
task and that individuals differ in their ability to verbalise their mental processes.
The interview process gave an insight into user's perception of their workplace, 
the user’s background and responsibilities, formal and informal means for workplace 
improvement, and ergonomic design requirements. The interviews were performed 
during visits to the facilities by utilisation of the Questionnaire II and Questionnaire 
HI providing structured interviews.
The proposed Questionnaire II  was intended to assess the individuals’ 
satisfaction level based on subjective scales. It takes into account the individuals’ 
participation in the intervention carried out in their own workplace. The questionnaire 
applied to the drillers consisted of 41 questions contemplating 6 dimensions in a seven- 
point rating scales. In addition. Questionnaire II was helpful to support conversations 
during the walk-through.
• Attitudes towards Design Involvement Scale (Scale 1)
The objective was to investigate the degree to which the individuals were 
involved in design improvements activities. The perceived involvement may be more 
closely associated with intrinsic than extrinsic job satisfaction (see Weissenberg et al., 
1968).
Attitudes towards involvement in activities aiming at improvements in the 
workplace may be based on expectancy and instrumentality (Vroom, 1964).
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Expectancy in such a situation could be translated as the evaluation of technical 
competence to perform the action under concern. Instrumentality defines reasoned 
behaviour which drives the individual’s attitude towards expected positive outcomes.
Also, the individual’s involvement in workplace improvements activities may be 
fostered by the relative importance of attitudinal and normative components. Attitude 
may be positive if the individual does value the resulting evaluated outcomes.
• Intrinsic Motivation for Design Improvements (Scale 2)
The objective was to understand how the individuals personally feel about their 
present participation in task evaluation or design improvements in workplace. Ajzen 
and Madden (1986) suggest that some people may be more responsive to their own 
perception of moral obligations to participate than to the opinions of other people. 
Thus, the objective of this scale was to assess the degree to which the individuals 
report intrinsic motivation in order to participate in ergonomic design improvements in 
their own workplace.
• Workplace Design Satisfaction (Scale 3)
The design satisfaction scale deals with feelings about several aspects of the 
work environment. The objective was to capture information related to how satisfied 
or dissatisfied the individual feels with each item about their participation on task re­
design due to the introduction of new equipment, allocation of function or the design 
improvements of the work environment. According to Lazarus (1982) the individual's 
environmental dispositions act like biases in the cognitive process, and affect the 
behavioural patterns. Behavioural variables such as trust (see Muir, 1994; Lee, 1992, 
Riley, 1994) and attitudes (Fishbein and Ajzen, 1975; Sears and Auld, 1976; Rokeach, 
1968), with different strengths and intensities, may influence the response and 
satisfaction levels towards the work environment (Grossbart and Amedeo, 1979).
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• Job Participation Characteristics Scale (Scale 4^
The objective of this scale was to assess the degree to which the individuals 
report intrinsic and extrinsic satisfaction with respect to features of participation in 
their current job. The perception of the participative characteristic of the job might 
give rise to intrinsic satisfaction. The latter has clear links with Maslow’s esteem and 
self-actualisation needs.
Job satisfaction and other work attitudes are dispositions learned through the 
experience by a core social mechanism constructed by the informational interaction 
with others at work. The extrinsic satisfaction is related the positive outcomes and 
subjective expected utility from the individual’s involvement in work activities. If the 
individuals feel an equitable relationship by receiving fair rewards (see Husseman et al, 
1987), their attitude may be consonant with that belief. Also, the individuals’ 
behaviour may reflect whether they believe that the procedures applied by the 
management to promote participation and the correspondent outcomes are fairly 
rewarded.
•  Ergonomics Awareness and Commitment Scale (Scale 51
Some approaches for decision-making (see Kiesler, 1971) emphasise that if a 
decision is made based on commitment, the individual making it freely and explicitly 
feels a need to justify it to self and others (Cooper, 1995). The individuals become 
committed to it, and seek retrospectively to find reasons why he or she ‘did the right 
thing'.
Peoples commitment can be fostered by giving them positive experiences 
(Cooper and Jones, 1995). There are several approaches for commitment. The 
behavioural approach, translates commitment as a dimension created when an 
individual does things overtly. The self-perception approach as proposed by Bern 
(1972) suggests that the individuals evaluate their own behaviour and compare the 
significant consequences from it in full view of others, when they could have chosen 
not to do that act, concluding they really must be committed to it.
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The relative strength of an individual's identification with an involvement in an 
organisation is defined as organisational commitment (Mowday et a i 1979). The level 
of commitment may define the trust in values and goals established, and the willingness 
to exert effort and maintain membership in the organisation (Griffin and Bateman, 
1986). Therefore, the present scale was intended to capture the degree to which the 
individuals are committed to the design intervention; perceiving their role and the 
recognition of their value in participating, and the evaluated positive outcomes.
• Level of Satisfaction with the User's Workstation Design (Scale 61
A strong emphasis was given on the individual’s satisfaction with involvement 
and participation in the improvement of the workplace. The present scale was devised 
to identify the satisfaction with design attributes in order to perform the assigned tasks. 
The objective was to establish a confrontation between the level of satisfaction with a 
number of design attributes, which the individuals might look for in a typical 
workstation, and the level of preference assessed through another tool applied in the 
present study.
5.5.2 Attitudes and participation assessment: Criteria for scales
Questionnaire III was proposed to investigate attitudes and participation. The 
present questionnaire was designed to understand an individual's attitude as a result of 
a participative role in workplace improvements. It was regarded to collect user's 
opinions and confidence while interacting with the technical system, in which the user’s 
participation in the re-design is an external variable of concern.
The measure of attitude in empirical investigations should follow a procedure 
which locates the subject on a bipolar affective or evaluative dimension towards a 
given environment or object (See Grossbart and Amedeo, 1975; Fishbein and Ajzen, 
1975).
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As intentions and behaviours can change over time, the assumptions for the 
criteria adopted in Questionnaire HI suggested that the assessment should be applied 
at different points in time. The longer the time interval was, the greater the likelihood 
was that the experience with the new drilling workstation would produce behavioural 
changes. This assumption has important implications for the attempt to understand the 
effects of participation in human behaviour.
After defining the behaviour of interest, and behavioural elements, which might 
influence the assessment and assumptions, a set of scales was designed. The purpose 
was to obtain a more precise measure of likelihood that the individuals would engage 
in behaviour based on their interaction in a specific work setting.
For the range of the scales adopted in each dimension, it was assumed that 
there is not ‘negative motivation’. Except for the 1 motivation to comply' scales, 
which were scored from 1 to 7, all scales were scored from -3 to +3. Questionnaire 
III also served to support informal talk to the individuals during the walk-through.
5.5.2.1 Defining the behaviour of interest in terms of workers’ action, 
target, context, and time elements.
Since the criterion for behaviour assessment may involve a single action or a set 
of behaviours, it was important to define the behaviour of concern in this study, e.g. 
working with self-confidence in the new workstation. Moreover, the single action 
defined here involves a specific context: the user’s participation in the concepts and 
discussions about the improvements introduced.
The target was focused in a defined work environment, as the operators were 
assigned to perform their action only in a defined workplace -  a re-designed driller’s 
workstation - in which the technical capabilities and reliability were considered main 
attributes. The action of working in a re-designed computer-based drilling workstation 
was defined to start at a given point in time and to endure while the management 
undertook no changes in the teamwork. Thus, the time regarded was that the drilling 
unit starts its operations without a specified end.
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Based on the guidelines proposed by Ajzen and Fishbein (1980), the summary 
of the criterion adopted for the behaviour of interest follows:
• Behaviour: Working with confidence in a re-designed computer-based drilling 
workstation from now on.
• Action: Working trustfully
• Target: A supposed trustworthy re-designed computer-based drilling workstation
• Context: A participative role of the users’ in ergonomics design improvements
• Time: From now on
5.S.2.2 Defining the corresponding the subjects’ behavioural intention
A set of questions (Question 1 to 4) sought to identify the worker’s intention 
to work trustfully in a re-designed computer-based drilling workstation. Theoretically, 
it was assumed that the subjects’ intentions to behave in a new work situation may be 
based on two determinants:
1. The individual’s positive or negative judgement of the consequences of 
performing that behaviour; based on the subjective expected reliability of the 
technical system;
2. The individual’s perception of socio-technical pressures to comply in 
terms of the overall performance. The individual perceptions may be according 
to established beliefs about their technical competence.
Since the beliefs related to technical systems deal with prescribed expectations 
such as technical competence, persistence and predictability; trust in the technical 
systems may be influenced by the participation in the design improvements. The 
effects of a participative role in workplace improvements played by the drillers may 
influence their behavioural intentions: a measure of likelihood that the individuals 
would engage in a given behaviour. Also, the effects of their participation may 
reinforce the influence on the individual’s intentions when they believe that important 
members of their work (e.g. manager, supervisor, crew members) think they should 
perform it.
The proposed measurement format for intention through Questions 1 to 4 was: 
“the intention to work trustfully in a re-designed computer-based drilling workstation
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from now on". The criterion discussed above constitutes the subject’s choice of 
intentions. It means that the individuals were asked to express whether they were 
more likely to perform one of the alternatives than any of the others. It was expected 
that the behaviour would be in fact performed as they have indicated.
•  1) My intention is to work with confidence in the nejv Driller's workstation:
I disagree________: ______ :_______:_______:______ :______:________ I agree
________ Extremely quite slightly neither slightly quite Extremely________
•  2) My intention is to work cautiously in the new Driller's workstation:
I disagree________: ______ :_______ :_______:______ :______:________ I agree
________ Extremely quite slightly neither slightly quite Extremely________
• 3) My intention to work with confidence in the nen> Driller's workstation is a
result o f my participation in its design improvements:
I disagree______ : ______ :_______ :_______:______:______ :  I agree
_________ Extremely quite slightly neither slightly quite Extremely_______
• 4) My intention is to work cautiously in the new Driller's workstation due to my 
reduced opportunity fo r participating in its design improvements:
I disagree______ : ______ :_______ :_______:______:______ :  I agree
_________ Extremely quite slightly neither slightly quite Extremely_______
5.S.2.3 Defining the corresponding attitude and subjective norm relating to 
the concerned behaviour.
Question 5 was related to attitude. Questions 6 and 7 were regarded to subjective 
norm. They aim to investigate both attitude and subjective norm based on two specific 
points: a) altitude towards working in a re-designed computer-based drilling 
workstation from now on: b) subjective notiu with respect to working in a re-designed 
computer-based drilling workstation from now on.
The proposed measurement format for attitude refers to a general evaluation of the 
individual’s feelings of positive or negative towards their own behaviour when dealing 
with new workstation. The objective of the bipolar measurement was to collect the
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individual’s judgement about their own trustful or distrustful behaviour to work with 
the new workstation.
• 5) My own expectation to work with confidence in the new Driller’s
Workstation is:
Skeptical_______ : ____ :______ :_______ :_____:_______ : _________ Confident
Extremely quite slightly neither slightly quite Extremely
Subjective norm is the component proposed by Fishbein’s extended model, 
which considers the influence of social environment on intentions and behaviour. The 
involvement and participation in the re-design and ergonomics improvements may 
influence worker’s attitudes. Similarly, the individuals’ perception of responsibility 
related to the work environment and social referents (e.g. co-workers, supervisors, 
manager) may affect their attitudes. As a result, it may have influenced their subjective 
belief to perform a positive and consonant behaviour. Whether or not engaged in 
participatory activities the individual’s perception of fiduciary responsibility may be 
influenced by the social pressure and referents. The measurement format for subjective 
norm was designed according to Questions 6 and 7:
• 6) Due to my participation in the design o f this workstation most people who
are important to me think (co-workers, supennsors, managers):
I am not Expected : ____:_____ :_____:_____:_____ :  I am Expected
To work with confidence in the new Driller’s Workstation
• 7) Because o f my previous expertise in this job most people who are important 
to me within the company think (co-workers, supen’isors, managers):
I am not Expected : ____ :_____:_____:_____ :______ : _____ I am Expected
To work with confidence in the new Driller’s Workstation
S.5.2.4. Eliciting salient outcomes and referents
The attitude may be influenced by acquired expectations that a given action could 
provide a reactive event. These events may be either positive or negative outcomes.
151
Participation. Attitudes, and the Design of Technical Systems Chapter 5
The theories of expectancy-value (Rotter, 1955; Rotter, 1971, Edwards, 1954; 
Vroom, 1964) advocate that when an individual has to make a behavioural choice, the 
selected alternative will be that which has the highest subjective expected utility. 
Individuals would learn to perform behaviour that their expectations lead to positive 
outcomes. The perceived value can be broken into dimensions of importance and 
relevance.
The advantages or the rewarding effects of the individual’s sense of achievement or 
feelings of satisfaction with his performance in participative interaction may influence 
their attitudes and behavioural intentions. The more the individuals perceive that 
others who have importance in close social relationships, think they should perform a 
specific behaviour, the more he or she will intend to be positive to that perception.
These opinions from salient referents could be either positive or negative 
reinforcements towards attitudes, intentions and behaviours. The behaviour that the 
individual ultimately may perform depends on the nature of the reinforcement received.
For the salient outcomes and salient referents, according to the situation regarded 
in this study, the context was: "a participative role o f the users ’ in ergonomic design 
improvements” The following basic questions were posed in order to define the 
corresponding scales:
a) Saiient outcomes:
( 1 ) What do you consider as the advantages of your work in the re-designed driller’s 
workstation?
(2) What do you consider as the disadvantages of your work in the re-designed 
driller’s workstation?
(3) Is there anything else you can associate with your working in the new driller’s 
workstation?
b) Salient referents:
(1) Are there any groups of E&P professionals or other drillers, who would give to 
you a positive reference about reliability and performance for your work in the re­
designed computer-based driller’s workstation?
(2) Are there any groups of E&P professionals or other drillers, who would give to 
you a negative reference about reliability and performance for your work in the re­
designed computer-based driller’s workstation?
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A set of components were selected for eliciting the individual behaviour and 
attitudes. As salient outcomes it was regarded performance, safety, trust, comfort, and 
satisfaction at work. Salient referents were assumed within the context of a 
participative role of the users’ in ergonomics design improvements, the importance of 
co-workers, supervisors, and managers.
The measurement format was designed according to Questions 8 to 12 and 
intended to assess the salient outcomes, whereas questions 13 to 18 intended to assess 
the salient referents, and regarded these outcomes as follows:
• 8) The advantage o f participating in the re-design o f this workstation is that it
enables my performance at work to be better:
I Disagree______ : ______ :_______ :_______:______:_______ :________ I Agree
 _______ Extremely quite slightly neither slightly quite Extremely_______
•  9) The advantage ofparticipating in the re-design o f this workstation is that it
will improve the safety lei’el:
Ï Disagree______ : ______ :_______ :_______:______:_______ : I Agree
 Extremely quite slightly neither slightly quite Extremely
• 10) The advantage ofparticipating in the re-design o f this workstation is that it
will increase my trust while operating on it:
I Disagree______ : ______ :_______:_______ :______ :_______ :________ I Agree
 Extremely quite slightly neither slightly quite Extremely_____
• 11) The advantage ofparticipating in the re-design o f this workstation is that
the operator’s suggestions improve the comfort level at workplace:
I Disagree______ : ______ :_______:_______:______:_______ :________ I Agree
_______ Extremely quite slightly neither slightly quite Extremely______
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• 12) The advantage o f participating in the re-design o f this workstation is that it 
increase satisfaction to work on it:
I Disagree______ : ______ :_______ :_______ :______:_______ :________ I Agree
________ Extremely quite slightly neither slightly quite Extremely_______
• 12) I  interacted with drillers who gave me a positive reference about 
performance while working in the computer-based driller’s workstation
I Disagree______ : ______ :_______:_______:______:_______ :________ I Agree
_______ Extremely quite slightly neither slightly quite Extremely________
• 14) I  interacted with drillers who gave me a positive reference about reliability 
for working in the computer-based driller’s workstation:
I Disagree______ : ______ :_______:_______ :______:_______ :________ I Agree
 Extremely quite slightly neither slightly quite Extremely________
• 15) I  interacted with drillers who gave me a positive reference about overall 
satisfaction fo r working in the computer-based driller’s workstation.
I Disagree______ : ______ :_______:_______ :______ :_______ :________ I Agree
________ Extremely quite slightly neither slightly quite Extremely________
• 16) I  interacted with supervisors and managers who gave me a positive
reference about performance while working in the computer-based driller’s 
workstation.
I Disagree______ : ______ :_______:_______ :______ :_______ :________ I Agree
 Extremely quite slightly neither slightly quite Extremely_________
• 17) I  interacted with supenisors and managers who gave me a positive 
reference about reliability fo r working in the computer-based driller’s 
workstation.
I Disagree______ : ______ :_______:_______:______:_______ :________ I Agree
 Extremely quite slightly neither slightly quite Extremely________
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• 18) I interacted with supervisors and managers who gave me a positive
reference about overall satisfaction for working in computer-based driller’s 
workstation.
I Disagree : ______:_______ :_______ :______ :_______ :________ I Agree
Extremely quite slightly neither slightly quite Extremely
S.5.2.5 Defining behavioural beliefs, outcome evaluations, normative beliefs 
and motivation to comply
The strength to behave in a specific manner is based in feelings and predisposition 
which involves object appraisal, social adjustment, and externalisation according to 
functional approach to attitudes (Katz, 1960, Fishbein and Ajzen, 1975).
Taking into account that the individuals, who were object of this study were 
involved in the operation of complex systems, it is admissible the assumption that they 
hold a set expectations towards the system. This set of expectations, or in other words 
trust, is based on performance, past experience, operational rules and motivation. 
Therefore, the following questions were designed to evaluate the beliefs, outcome 
evaluations, normative beliefs and motivation to comply while working in a re­
designed technical system.
a) Measurement of Behavioural beliefs
A behavioural belief represents the evaluation that the individual has about the 
behaviour. It links a behaviour to a specific outcome or consequence of performing 
the behaviour. The use of subjective probabilities in relation to beliefs in order to make 
predictions has been proposed by several authors such as Mckechnie (1974), Landy 
(1985), and Oppenheim (1992).
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Questions 19 and 20 attempted to assess the subjective probability that the 
individual could perform the behaviour in question based on the evaluated 
consequences of their participation .
• 19) My participative role in the re-design o f the new Driller’s Workstation
enable me to work with confidence.
I disagree________ : ______ :_______:_______ :______:_______ :________ I agree
_________Extremely quite slightly neither slightly quite Extremely_____
• 20) My involvement in the re-design o f the new Driller’s Workstation will help
the overall drilling performance.
Unlikely________ : ______ :_______:_______:______:_______ :________Likely
________Extremely quite slightly neither slightly quite Extremely________
b) Outcome evaluations
The subjective expected utility model (Edwards, 1954) reinterpreted in Fishbein’s 
attitude model (Fishbein, 1967; Fishbein and Ajzen, 1975) addresses beliefs about 
consequences of performing a given behaviour and with the evaluations associated 
with different outcomes.
An instrumentality-value model was proposed by Rosenberg (1956). The model 
deals with beliefs about the object and with associated evaluations of outcomes and 
values. This model provides a functional approach to attitudes as it suggests that the 
instrumental, utilitarian or social adjustive functions may allow the individual to obtain 
valued goals (or consequences).
According to these models, in summary, attitudes are necessary because they 
empower the individual to achieve goals, organise knowledge, and maintain their self­
esteem. Attitude is translated as a “relatively stable affective response to an object” 
(Rosemberg, 1956, cited in Fishbein and Ajzen, 1975 p. 31).
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According to this view, the measurement in the present study was designed as 
Questions 21 and 22 below:
• 21) My past experience in drilling operation will help me to maintain the
drilling performance, even i f  not involved in the re-design o f the new Driller's 
Workstation.
Unlikely________ : ______ :_______ :_______ :______:_______ :________ Likely
______ Extremely quite slightly neither slightly quite Extremely_________
• 22) I  will be able to maintain the drilling performance even i f  not involved in
the re-design o f the new Driller's Workstation.
I disagree________ : ______ :_______ :_______ :______ :_______ :________ I agree
_______ Extremely quite slightly neither slightly quite Extremely_________
c) Normative beliefs
Normative beliefs are inferences made by an individual, conscious and 
unconsciously, about underlying states of expectancy, often compelled by personal and 
social reasons. Rempel and Holmes (1986) advocated that behaviour must be both 
positive and consistent for interpersonal trust to grow. Moreover, beliefs formed on 
basis of a past experience may lead to the formation of new expectations of fiduciary 
responsibility. Questions 23 and 24 as below consider the past experience and 
organisational hierarchy, which may compel the individual to make inferences 
underlying the individual’s moral obligation and fiduciary responsibility. It permitted 
to assess the predisposition to perform the task according to expected individuals’ 
technical competence.
• 23) Due to my past experience in drilling operations I  must to maintain the
drilling performance in the re-designed Driller's Workstation
Unlikely________ : ______ :_______:_______ :______:_______ :________ likely
Extremely quite slightly neither slightly quite Extremely
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• 24) My supen’isor and manager think:
I should no t_______ : ______ :_______ :______:_____ :_______: I should
To maintain the performance even if not involved in the re-design of the Driller’s 
workstation
d) Motivation to comply
The motivation to comply involves two basic elements: (1) The individual’s 
expectation of fiduciary responsibility and moral obligation to commit themselves to 
perform the behaviour of concern; (2) The trust in performing that behaviour, which 
may provide positive outcomes according to the referents.
The dependent variable considering the motivation to comply is either an attitude, 
an intention, or trust (as a set of beliefs) that is assumed by the individual. Questions 
25 to 27 investigated this moral obligation to comply due to social pressure perceived 
by the individual.
• 25) Generally speaking, I  want to maintain the drilling performance when
working in the re-designed Driller’s Workstation as my supennsor and manager 
think I  should do:
I disagree________ : ______ :_______:_______ :______:_______ :________ I agree
Extremely quite slightly neither slightly quite Extremely
• 26) Generally speaking, I  want to maintain the drilling performance when
working in the re-designed Driller’s Workstation as my co-workers expect I  
should do:
I disagree________ : ______ :_______ :_______ :______:_______ :________ I agree
Extremely quite slightly neither slightly quite Extremely
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•  27) Generally speaking, I want to maintain the drilling performance when
working even if  I have not participated in the re-designed Driller’s 
Workstation:
I disagree________ : ______ :_______:_______ :__________  :____ I agree
Extremely quite slightly neither slightly quite Extremely
5.6 Outlining the method for subjective design evaluation
The methodology applied in the present study also included a subjective design 
evaluation {Chapter 8). The reasons regarded in this study for considering subjective 
data, as well as objective information in the design evaluation process was twofold. 
Firstly, objective measures of design attributes do not necessarily predict user's 
preferences. Users may reveal a strong dislike for a given workstation design even if 
the interface facilitate successful user-system interaction. Secondly, user preference 
greatly influence user acceptance of a system.
Situations arise when, for example, a feature of design do not follow theoretical 
ideal requirements, though it is the preferred by the users. These situations happen 
when operational issues regarding to the design requirement is less critical than 
previously anticipated. Designers may even find that users prefer one interface to a set 
of alternative interfaces only to discover that the preferred interface actually degrade 
performance. There are some cases where users do not know the reasons why 
particular features were designed. For example, controls may need to be placed close 
to the seat for easy reach, but this space may also be needed for good access to the 
workstation.
Therefore, user participation is regarded as an essential part of systems 
development and as a means of improving motivation, satisfaction, and acceptance of 
change.
5.6.1 Subjective design attributes evaluation
It is frequently required in ergonomics studies to assess human responses while 
humans are interacting in technical systems as an user. There is a particular interest
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when the users had the opportunity to participate in the design process of these 
systems.
The evaluation task in such conditions is to quantify the user's judgements 
regarding a particular design attribute, perhaps the problems associated with user- 
interface interaction, and the difficulty associated with user participation level in the 
conception of a particular system or interface.
For the present study a tool for ergonomic design attributes assessment was 
designed. The tool was based on the method proposed by Mitchell (1992) in 
aerospace engineering design, and it has already been applied by Silveira (1994, 1999) 
in a prior study concerning the drilling work in the oil industry.
Also, the conceptualisation of the tool is based on the Analytic Hierarchy 
Process (AHP) developed by Saaty ( 1980). The AHP has already been used by Mitta 
(1993) for computer interface evaluation, and Wei (1997) in workload assessment of 
automated systems.
The tool Subjective Design Assessment extends the approach of this study by 
examining the effect of subjective user's ratings in different set of judgement. The 
evaluation addressed issues that form a substantial appreciation of a participatory 
aspects involved in an ergonomic intervention in the design of workstation.
In addition, the tool examined in real settings the evidence reported by Zuboff 
(1988), suggesting that feelings like trust have a large impact on the end-users' 
appropriate use of a new design.
5.6.1.1 Criteria for Subjective Design Evaluation
I
The individuals (Sy) were asked to classify each ergonomic design attributes
(AJ by using a Design Attribute Chart (Table 5.2 below). The objective was to classify
several design attributes. An 1- to 10-points response scale was utilised for each 
design attribute. An overall evaluation score was produced according to Table 5.3 
below.
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Design Attribute Chart
Workstation:
Score
User identification: pts
• Design Attribute Ai
• Design Attribute A%
• Design Attribute ...
• Design Attribute A(n„2)
• Design Attribute A<n_i)
• Design Attribute An
Table 5.2 Design Attribute Chart
. - , ■ ■ ■._____ Design Attributes Chart
Workstation:
Individuals
Si s2 S3 y * * *  ' ; . •  •  •  ' Sj-1 Sj pts %
• Design Attribute Ai
• Design Attribute A^
• Design Attribute ...
• Design Attribute A(n_2)
• Design Attribute A(n_i)
• Design Attribute An
Table 5.3 Design Attributes Chart and Individuals’ Scores
The interpretation of this data in terms of users' interactions were able to reflect 
user's interface preferences regarding their confidence in the design attributes. In the 
following step the individuals (Sj) were asked to rate the design quality against each 
ergonomic design attributes (Ai) by using a design attribute matrix. Each participant 
was given a score sheet on which the ergonomics design characteristics and their 
definitions were listed according to Table 5.4 to indicate their response.
A matrix of numbers (Table 5.5), which correspond to the design attributes 
chosen by the users was used to compare each design attribute with every other
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attribute, by pairs. The design attribute thought to be the most important member of 
the pair was marked, and this choice constituted a score.
All these attributes were derived from a prior study undertaken and applied to 
help decisions for the driller’s cabin re-design. By adopting this criteria, the individuals 
were enabled to indicate their judgements regarding their preferences. The aim was 
identify that certain design attributes should be more important than others according 
to individual and subjective perspective
Design Attributes Comparison
Platform: Driller:
List for Users’ Evaluation
•  Design Attribute Ai
•  Design Attribute A2
•  Design Attribute __
•  Design Attribute A(n_2)
•  Design Attribute A ^
•  Design Attribute An
Table 5.4 Design attributes list
Design Attributes Comparison Matrix
A i , A 2  A i ,  A 3  A i ,  A 4  • • • >  • • • •
A%, A 3  A 2 , A 4  •••> —
A 3 , A 4  A 3 ,A 5
A 4 ,A g  
SSSÉSSSSfi
Ai,An-2 A], A n-i Al, A n
A2,An-2 A 2 , A n-1 A 2 , A n
. . . .  9  . . . . A 3 , A n-i A 3 , A n
• •  • •  ?  .  •  • • 5 • • • • A 4 ,A n
A n-3,A n_2 A n-3,A n-i A n-3,A n
An-2, A n-i An 2 ,A n
An-1, A n
Table 5.5 Design attributes matrix
The data resulting from criteria comparisons provided a score for each 
attribute. A final score gave the proportion of the total scores conferred by each design
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attribute and was expressed as a percentage, summarising the results (Table 5.6). This 
value was the weight for each attribute used in the final classification.
This step allowed all design attribute to be compared on the basis of each 
attribute’s subjective importance. It was important to emphasise to all participants that 
a choice had to be made if they wished to be influential in the study result. If  a 
participant did not make a comparison, the total reduced scores was identified and 
proportions calculated on this total. The criteria adopted in this tool was to provide a 
quantitative means for analysing these design data within an empirical small sample size 
and several design attributes (Mitchell, 1992, Mitta, 1993).
Design Attributes Comparison
Platform: Driller:
Users’ Evaluation
Scores
• Design Attribute K\
•  Design Attribute A2
• Design Attribute ...
•  Design Attribute A(n_2)
• Design Attribute A(n_i)
• Design Attribute An
Table 5.6 Individual’s scores for Design Attributes
5.6.1.2 Refining the Subjective Design Evaluation
In order to refine these outcomes an additional instrument in Questionnaire II 
asked the subjects to establish a ranking of the importance of the design attributes 
based on a subjective scale (Dimension 6). The strategy was to submit the users to a 
new design selection based on their subjective importance. Thus, the objective was to 
classify several design attributes. This additional criterion adopted in the present study 
allowed all design attributes to be compared on the basis of their subjective importance 
in three different ways.
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It seems that as the users engage in operating a new design system, 
participating in its development and their design preferences were considered, trust 
would rise even in the absence of accompanying increases in their performance (see 
Lee, 1992 for further discussions). On the other hand, in the utilisation of a new 
system, in which they have low level of or no participation, they would become 
distrustful in their operating strategies and thus, developing the task in a poor 
performance and proneness to accidents (Nagy, 1991). Therefore, the subjective 
design evaluation may provide some clues with respect to participation.
5.7 Walk through and field observations
In order to assess whether the management strategies applied in the ergonomic 
intervention and the remaining modifications favoured a participatory working style, a 
walk through was carried out within the platforms Petrobras-10 and Petrobras-23. It 
was undertaken in parallel to the application of the questionnaires II and III, which 
were helpful to support conversations during the walk-through on attitudes and 
participation. The objective was to know whether the reported differences were 
related to the internal culture (within the company and within the platform), and to 
what extent the management allowed the workers to participate in the design decisions 
in the engineering design intervention under study.
Investigations to the extent to which the platforms’ managers favoured the 
participation working style did were pursued to gather evidence whether the drilling 
crew perceived the effects of participation in their jobs. Also, the walk through 
investigated the evidence whether the workers perceived a positive relationship 
between users’ participation and the effectiveness of the engineering design activities 
toward improvements on the workplace.
Given the central role of the drillers in co-ordinating the drilling activities on 
the drill floor, what would be their opinion about user’ participation? This question 
was treated during the conversations undertaken during the interviews, contributing for 
a more personal view on the question addressed in the present study.
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CHAPTER 6__________
Results: Assessment of the Level 
of Participation and Attitudes
'When you have eCiminated the impossihCe, 
wha tever remains, however improha 6Ce, 
must he the truth.
{Sherlock Holmes: Arthur Conan Doyle 1859-1930; English novelist)
6.0 introduction
The data set available from the tools applied in the field study required focusing on 
a limited number of analyses from the existing number of possibilities. The primary 
concern was to follow the methodology proposed to assess outcomes such as satisfaction 
with participation and attitudes.
The factors observed as the basis for the initial analyses were age, job experience, 
length of experience within the company, length of experience in the oil rig, and group of 
the drillers working within two different platforms, which adopted distinct approaches for 
the design intervention. Within this framework, differences between the two groups of 
drillers were examined where appropriated. In further analyses, specific aspects of interest 
were followed up in relation to particular outcomes concerning participation, and 
attitudes.
Demographic background of the samples were collected through the 
Questionnaire I. Five dimensions were considered in the Questionnaire II to assess 
satisfaction with participation and nine dimensions were included in the Questionnaire HI 
in order to evaluate attitudes.
The data were analysed using descriptive statistics, cross-tabulations with the 
SPSS for Windows version 8.0 program. Specific features of the analysis of each measure
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for satisfaction with participation, and attitudes are described at the start of the section 
concerned. However, given the framework for data analysis and sample size defined in 
Chapter 5, only some descriptive statistical aspects were possible to be captured to 
portray the linkage between participation and attitudes. To exploit the potential of these 
aspects in the present study appropriate treatment of the data were undertaken taking into 
account the characteristics and size of the population within the platforms involved.
6.1 Demographic data and background characteristics
Considering the demographic information and other background factors collected 
through the Questionnaire /, such as age, educational status, job experience, training and 
career path characterise the sample as a homogeneous group. Both groups responded to 
an identical questionnaire. The overall mean value for age of the subjects was 42.2 years 
(SD±1.03 years) with a range of 37-49 years. The 37-45 years age range accounted for 
more 75% of the sample, these data are shown in Table 6.1-A
Subject’s Age Statistics
95% Confidence 
Interval for 
Mean
N Mean Std
Deviation
Std
Error
Lower
Bound
Upper
Bound
Min. Max.
PETROBRAS-23 8 42.12 3.72 1.31 39.01 45.23 37.00 47.00
Age PETROBRAS-10 7 42.29 4.61 1.74 38.02 46.55 37.00 49.00
Total 15 42.20 4.00 1.03 39.98 44.42 37.00 49.00
Table 6.1-A Demographic data: Age
The educational level showed that most of the drillers posses a secondary level. 
Some of them had the opportunity to concluded their secondary studies through an in-
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company educational program. The majority of those taking part of the study were 
married or living with a partner as shown in Table 6.1-B.
____________  Socio-educational Data ____________________
 __________________________________________  Platform
PETROBRAS 10 PETROBRAS 23
N % of Sample N % of Sample
S= single 1.00 14.3 0.00 0.00
Marital status M= married 7.00 85.7 7.00 87.5
D - divorced 0.00 0.00 1.00 12.5
C= college 0.00 0.00 1.00 12.5
Education S= secondary 7.00 100 7.00 87.5
P= primary 0.00 0.00 0.00 0.00
Table 6.1-B Demographic data: socio-educational status
The drillers’ skills and knowledge in oil drilling operation may be characterised by 
the experience acquired along their career path. The accumulated skills to carry out the 
drilling tasks is decisive to accomplish the number of actions taken and their distribution 
along the process. It highlights the importance of the background that they posses for 
contributing with suggestions towards design improvements in the workplace. It can also 
be seen from Table 6.1-C and Table 6.1-D that a massive proportion of drillers started in 
both groups their career as roughnecks. As they progressed in the career path along the 
different jobs their skills and knowledge about the core working process are consolidated. 
They reported that working for such so long career improved the shiftwork tolerance and 
adaptation to the offshore environment.
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Job Development/Career path
Platform: PETROBRAS 23_________  Drillers
A B c D E F G H total
Roustabout
• 1
Roughneck
e • • • • • 6
Derrickman
0
Driller
# 1
Table 6.1-C Demographic data: Job development /Platform PETROBRAS 23
These present data on career development suggest that the selection process within 
the company upon study gave priority to “nurture” a workforce development for drilling 
jobs through a gradual promotion of the existing workers who started their job activities in 
no-skilled positions within the drilling activities. The direct experience of particular 
drilling operations as they progress in their jobs, reinforce learning curve for future 
promotion such as the driller or tool-pusher.
Job Development/Career path
Platform: PETROBRAS 10 Drillers
I J K L M N 0 total
Roustabout
# 1
Roughneck
• • • • • • 6
Derrickman
0
Driller
0
Table 6.1-D Demographic data: Job development /Platform PETROBRAS 10
As shown in the Table 6.1-E, most of the personnel in the sample had been 
employed as a driller in offshore oil drilling for nine years or longer. The mean value for 
job length in the rig was slightly higher within the platform Petrobras-10 (9.73+5.17) than 
within the platform Petrobras-23 (7.59+3.01).
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The average for length of job in the oil rig was 8.6 ±4.15 years, while the mean 
value for job experience as a driller was 9.41 ± 6.03 years. The minimum length in the 
company was 13.6 years within the platform Petrobras-10 and the maximum length in the 
company was 23.5 year within the platform Petrobras-23. The overall work experience 
within drilling operation within the company was 18.4± 2.35 years. In both platforms 
there were drillers who had been recently promoted to the job. The shortest work 
experience in the job was presented in the platform Petrobras-23 and was less than 6 
months. In the same platform was reported the highest length of experience in the job (18 
years).
Job Experience Statistics
95% Confidence 
Interval for 
Mean
N Mean Std
Deviation
Std
Error
Lower
Bound
Upper
Bound
Min. Max
P E T R O B R A S - 2 3 8 18.67 2.44 .86 16.63 20.72 15.50 23.50
Job length 
in the
P E T R O B R A S - 1 0 7 18.07 2.40 .90 15.90 20.27 13.60 21.00
company
Total 15 18.39 2.35 .61 17.10 19.70 13.60 23.50
P E T R O B R A S - 2 3 8 7.59 3.01 1.10 5.07 10.11 2.30 10.00
Job length 
on the rig
P E T R O B R A S - 1 0 7 9.73 5.20 1.95 4.95 14.51 2.50 16.00
Total 15 8.60 4.15 1.07 6.30 10.90 2.30 16.00
P E T R O B R A S - 2 3 8 9.82 6.50 2.30 4.40 15.26 .40 18.00
Work P E T R O B R A S - 1 0 7 8.94 5.92 2.24 3.46 14.42 1.10 14.50
experience 
in the job
Total 15 9.41 6.03 1.56 6.07 12.75 .40 18.00
Table 6.1-E Demographic data: Job Experience
With respect to training the demographic information collected through the 
Questionnaire I  the results reveal that the totality of drillers received training for exerting 
their jobs, are evidence of a proper training. The same pattern was not verified regarding 
specific training for operation computer-based drilling systems. Only 37% of the drillers 
within platform Petrobras-23 and 43% platform Petrobras-10 affirmed to receive training 
for drilling systems.
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In terms of computer literacy in general, 71% of the drillers within platform 
Petrobras-10 affirmed having participated in training programs promoted by the company, 
whilst only 12% of the drillers among the platform Petrobras-23 revealed having received 
training sponsored by the company. It should be noted that 40% of the drillers within the 
platform Petrobras-23 and 57% of those within the platform Petrobras-10 responded 
positively for all questions with respect to training and computer literacy. Table 6.1-F and 
Table 6.1-G below summarise these results.
COMPUTER LITERACY AND TRAINING DATA
Platform: PETROBRAS 23 Drillers
A B C D E F G H Yes No % Yes
•  Initial Training for the 
Driller Job
Y Y Y Y Y Y Y Y 8 0 100
•Training for computer-based 
drilling systems
N Y N N N N Y Y 3 5 37
•  Non-specific training in 
computing promoted by the 
Company
N N N N N N Y N 1 7 12
•  Non-specific training in 
computing by the own 
employee initiative
Y N N N Y Y N N 3 5 37
•  Computing literacy and skill 
for word processing
N N N N N Y Y N 2 6 37
•  Computing literacy and 
skill for Worksheet
N N N N Y Y N N 2 6 25
TOTAL 19 29 40%
Table 6.1-F Demographic data: Training and computer literacy - Platform PETROBRAS 23
170
Participation, Attitudes, and the Design o f Technical Systems Chapter 6
COMPUTER LITERACY AND TRAINING DATA
Platform: PETROBRAS 10 Drillers
I J K L M N o Yes No % Yes
•  Initial Training for the 
Driller Job
Y Y Y Y Y Y Y 7 0 100
•Training for computer-based 
drilling systems
N N N N Y Y Y 3 4 43
•  Non-specific training in 
computing promoted by the 
Company
Y N N Y Y Y Y 5 2 71
•  Non-specific training in 
computing by the own 
employee initiative
N Y N N Y N N 2 5 29
•  Computing literacy and skill 
for word processing
N N N Y Y Y Y 4 3 57
•  Computing literacy and 
skill for Worksheet
N N N Y Y N Y 3 4 43
TOTAL 24 18 57%
Table 6.1-G Demographic data: Training and computer literacy - Platform PETROBRAS 10
The focus in the present analysis was the appreciation of the raw data collected in 
a naturalistic inquiry, as introduced in the research paradigm presented in Chapter 1. It 
was accomplished through the remaining research instruments applied such as survey 
results, informal feedback and verbalisations of the subjects involved in the present study.
This naturalistic approach recognises that the search for formal completeness is 
rare in the real world problems, despite common strategy to many fields of intellectual 
inquiry, which the quality of the approximation is disregarded (Simon, 1973).
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6.2 S atisfaction  w ith  partic ip ation : R esu lts  and  d ata  an a lysis  
(Q u estion n aire  II)
The dimensions considered in the Questionnaire II addressed the level of 
satisfaction with participation. The Questionnaire II also helped to guide the informal 
interviews to the drillers, which provided an additional insight to the relationship, if any, 
between participation and satisfaction. The means values, standard deviations, variances, 
and for each dimension and sub-scales are shown in Appendix IL A. 1 and Appendix 
II.A.2, in addition to the tables presented in this Chapter.
Selected dimensions of satisfaction with participation included in the present 
Chapter give emphasis to the salient results obtained in the field study. The first 
dimension workplace design involvement {Questions 1.1 to 1.6 in Questionnaire II) 
provided some insights. The subjects expressed equal desire for participation. The drillers 
in the platform Petrobras-10 scored fairly their desire for participation even if they did not 
receive promotion or recognition to their contributions {Question 1.1). Being involved in 
initiatives for design improvements in the workplace was the highest scored aspect 
{Question 1.2). Concerning their frustration for management decisions {Question 1.3), 
which would put them apart of the design definitions, the subjects did not expressed for 
sure any worries about not getting involved {Question 1.4). The same opinion is regarded 
to their personal feelings if they were not involved in those decisions {Question 1.5). 
Figure 6.1 show the results.
Participation: Frustration for Being Apart
Petrobras-10
Strongly Disagree a
Agree a lot agree little
14.3% 0% 14.3%
Agree a little Not sure
28.6% 28.6%
Figure 6.1 Frustration for being apart of design decisions/Petrobras-10
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The drillers among those working within Petrobras-23 scored highly their desire 
for participation. To them, being involved in design decisions for improvements in the 
workplace and their desire for participation were the highest scored factors {Question 
1.2). Even if they were not rewarded or recognised for their participation, they would like 
to be involved in initiatives concerning changes in the workplace {Question 1.1). They 
expressed their concern in giving opinions and suggestions for workplace improvements. 
These results are shown in Figure 6.2 below.
Participation: Frustration for Being Apart 
strongly Petrobras-23
agree Agree a little
25% 25%
Agree a lot
50%
Figure 6.2 Frustration for being apart of design decisions/Petrobras-23
It was observed that being involved in improvements in the design of the 
workplace was equally scored in both groups {Question 1.2) within the platforms 
Petrobras-10 and Petrobras-23 (mean value 6.42±.53 and 6.37±.52, respectively).
When confronting the scores concerning satisfaction levels if the subjects were 
apart of design modifications in their own workplace {Question 1.3), the subjects gave 
more importance to this factor among those individuals within the platform Petrobras-23 
(mean value 6.12 ± .83) than among those individuals within the platform Petrobras-10 
(mean value 4.14+1.8).
Despite similar scores {Question 1.4) for feelings if not involved in design 
decisions (mean value 4.42+1.71 among those within the platform Petrobras-10 and 
4.25+1.83 within the platform Petrobras-23), the opportunities for giving opinions and 
suggestions was the factor that had the highest variance (O = 3.35) among the subjects
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within the platform Petrobras-23. The importance in participate in design was assessed in 
both platform and over 70% of the scores were superior to 5.00. It can be seen that the 
scores given were spread along the scale. Table 6.2-A below summarises the results.
Platform * Important to Participate in Design Crosstabulation
3.00
Important to participate in Design 
4.00 5.00 6.00 7.00 Total
Platform P E T R O B R A S - 2 3 Count 0 1 2 2 3 8
Expected 1 .1 .5 2 . 1 1 . 1 3.2 8.0
Count
% Within . 0 % 12.5% 25% 25% 37.5% 1 0 0 %
platform
% Within . 0 % 1 0 0 % 50% 1 0 0 % 50% 53.3%
Dimension
% of Total . 0 % .6.7% 13.3% 13.3% 2 0 . 0 % 53.3%
Platform P E T R O B R A S - 1 0 Count 2 0 2 0 3 7
Expected .9 .5 1.9 .9 2.8 7.0
Count
% Within .28.6% .0% 28.6% . 0 % 42.9% 1 0 0 %
platform
% Within 1 0 0 % . 0 % 50% .0% 50% 46.7%
Dimension
% of Total 13.3% . 0 % 13.3% . 0 % 2 0 % 46.7%
Total Count 2 1 4 2 6 15
Expected 2.0 1 . 0 4.0 2 . 0 6 . 0 15.0
Count
% Within 13.3% 6.7% 26.7% 13.3% 40.0% 1 0 0 %
platform
% Within . 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 %
Dimension
% of Total 13.3% 6.7% 26.7% 13.3% 40.0% 1 0 0 . 0 %
Table 6.2-A Important to participate in design: Cross-tabulation
Both groups scored highly their willingness to participate in design decisions 
{Question 1.1, Questionnaire II) with the mean values scores greater than 5.0 in each 
platform. The commitment and desire for participation was highly scored in both groups. 
Material reward or promotion was considered as a condition to their participation. It is
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worthy to note that their scores concentrated in the upper end of the scale. Cross- 
tabulation as in Table 6.2-B below shows these results.
Platform * Willingness to participate without promotion Crosstabulation
Willingness to participate without 
promotion
5.00 6.00 7.00 Total
Platform PETROBRAS-23 Count 2 1 5 8
Expected Count 1.6 2.1 4.3 8.0
% within Platform 25.0% 12.5% 62.5% 100.0%
% within Willingness to 
participate without 
promotion
66.7% 25.0% 62.5% 53.3%
% of Total 13.3% 6.7% 33.3% 53.3%
Residual .4 -1.1 .7
PETROBRAS-IO Count 1 3 3 7
Expected Count 1.4 1.9 3.7 7.0
% within Platform 14.3% 42.9% 42.9% 100.0%
% within Willingness to 
participate without 
promotion
33.3% 75.0% 37.5% 46.7%
% of Total 6.7% 20.0% 20.0% 46.7%
Residual -.4 1.1 -.7
Total Count 3 4 8 15
Expected Count 3.0 4.0 8.0 15.0
% within Platform 20.0% 26.7% 53.3% 100.0%
% within Willingness to 
participate without 
promotion
100.0% 100.0% 100.0% 100.0%
% of Total 20.0% 26.7% 53.3% 100.0%
Table 6.2-B Willingness for Participation and Rewards: Cross-tabulation
175
Participation. Attitudes, and the Design o f Technical Systems Chapter 6
In the dimension addressing the ‘intrinsic motivation ' for participation {Questions
2.1 to 2.6 in Questionnaire II), subjects were more responsive in both groups about their
own perception of moral obligation to participate and to contribute. They reinforced their
positive feelings when asked to give any opinion or suggestion to improvements in the 
workplace.
The drillers expressed that opportunities given for participation have lower impact
on their self-esteem {Question 2.2), while their sense of achievement {Question 2.5) and
pride in participating in design initiatives(O//es//0/7 2.3) are highly regarded by them. The
mean values to self-esteem factor {Question 2.3) among those subjects within platform
Petrobras-10 was 4.57±1.40, and those subjects within platform Petrobras-23 was 4.12± 
2.03.
The subjects within the platform Petrobras-10 answered that the acceptance of 
suggestions by the management {Question 2.4) does not affect strongly their personal 
feelings towards their jobs (mean value 4.571.64), while for those working within the 
platform Petrobras-23 it was observed to influence their personal feelings towards the job 
(mean value 5.62+1.8j). The subjects in both oil rigs expressed that they were committed 
and try hard in finding ways to improve the workplace {Question 2.6).
It may be noted that both groups tended to confer more importance for being 
asked by the management to participate in design decisions {Question 2.1), and for 
perceiving that the management gives to them power and credibility for their suggestions 
towards improvements in the workplace.
The scores reported located at the upper extreme of the scales (6 and 7 points) 
with more emphasis within the platform Petrobras-23 (37.5% and 62.5% for each score 
respectively). Table 6.2-C below summarises these results.
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Platform * Satisfaction when asked for opinion in design Crosstabulation
Satisfaction when asked 
for opinion in design
6.00 7.00 Total
Platform PETROBRAS-23 Count 3 5 8
Expected Count 3.7 4.3 8.0
% within Platform 37.5% 62.5% 100.0%
% within Satisfaction when
asked for opinion in design 42.9% 62.5% 53.3%
% of Total 20.0% 33.3% 53.3%
Residual -.7 .7
PETROBRAS-10 Count 4 3 7
Expected Count 3.3 3.7 7.0
% within Platform 57.1% 42.9% 100.0%
% within Satisfaction w hen
asked for opinion in design 57.1% 37.5% 46.7%
% of Total 26.7% 20.0% 46.7%
Residual .7 -.7
Total Count 7 8 15
Expected Count 7.0 8.0 15.0
% within Platform 46.7% 53.3% 100.0%
% within Satisfaction when
asked for opinion in design 100.0% 100.0% 100.0%
% of Total 46.7% 53.3% 100.0%
Table 6.2-C Satisfaction when asked to participate; Cross-tabulation
The results from the dimension workplace design satisfaction {Questions 3.1 to 
3.6 in Questionnaire II) provided evidence that in both groups the subjects were satisfied 
with the changes implemented in their workplace (mean value 6.0 in both platforms). 
Also, the level satisfaction with the freedom to give opinions and suggestions was highly 
scored among all subjects involved in the study.
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However, when asked to score the characteristics of their jobs considering the 
degree of freedom (addressed through the Question 4.3 in the dimension job 
characteristics) they express that there was a moderated amount of that in their jobs.
The satisfaction with the recognition for their participation in initiatives for 
improvements in the workplace {Question 3.1) was highly scored among the subjects 
within the platform Petrobras-10 (mean value 6.0± .81).
The satisfaction with the recognition for participation {Question 3.3) among the 
subjects within the platform Petrobras-23 was something they were not sure about (mean 
value 4.12 ± 1.95). However, they expressed that there was a moderate amount of 
recognition to them by the management in their jobs {Question 4.3). The scores within 
each platform to this sub-scale were 3.43+ 1.13 and 2.37+ 1.3, respectively.
The subjects within the platform Petrobras-23 expressed moderate satisfaction 
with the opportunities to use their skills to improve their workplace {Question 3.4) with 
mean value 4.87±1.45, but recognising that when regarding their job characteristics they 
saw that there is just a little to moderate chances and opportunities to participate
{Question 4.4) with mean value 3.62 ± 1.18.
It was observed that among the subjects within the platform Petrobras-10 the 
satisfaction with opportunities to use their skills in modifications in the workplace
{Question 3.4) was higher (mean value 6.0± .81). They were very satisfied with that.
Nevertheless, they recognised that there was just a moderate chance to participate and to 
apply their skills in initiatives for improvement in the workplace (mean value 3.57 ± .97).
The satisfaction with the workplace management {Question 3.5) was higher among 
the individuals within the platform Petrobras-10 than the platform Petrobras-23 (mean 
value 5.43 ± .97 and 3.62 ± 1.06, respectively). When investigated, the perceived concern 
about workplace conditions by the management was evaluated by the subjects in their 
jobs, as existing, but in a moderate amount of such concerns. Figure 6.3 below shows the 
results.
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Participation: Workplace Management
Petrobras-10
Extremely Not sure
satisfied about it
14% 14%
Very
satisfied ]
29% Moderately
satisfied
43%
Figure 6.3 Satisfaction with workplace management/Petrobras-10
The drillers within the platform Petrobras-10 rated as high the level of satisfaction 
with the attention paid by the management {Question 3.6) to their suggestions (mean 
value 5.71 ± .48). On the other hand, whilst in their jobs, they gave evidence of a 
moderate amount of satisfaction with the attention paid by the management {Question 
4.6). The subjects within Petrobras-23 were moderately satisfied with the attention paid 
by the management to their suggestions {Question 3.6) about workplace improvements 
(mean value 4.37 ± 1.06). They scored a moderately the existence of this attention in their 
jobs. Figure 6.4 below shows the results.
Participation: Workplace Management 
Petrobras-23
Extremely Very
dissatisfied
14%
satisfied
14%
Moderately
dissatisfied
Moderately
satisfied Not sure
29% about it
29%
Figure 6.4 Satisfaction with workplace management/Petrobras-23
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When asked about their role as supervisors and their commitment to ergonomic
aspects (Questions 5.J to 5.6); the subjects in both groups (Platform Petrobras - 10 and
Platform Petrobras - 23) rated highly their concern about being involved in ergonomic
interventions (Question j./)(mean value 6.0 ± 1.15 and 5.87 ± .64, respectively). They
also expressed their concern about satisfaction with accident rates and illness among team 
members {Question 5.3).
The concern shown by the subjects addressing teamwork motivation and the
management of conditions in the workplace was highly regarded in both groups, as shown 
in Table 6.2-D below.
Platform * Satisfaction with w orking conditions management Crosstabulation
Satisfaction with working conditions
Platform P E T R O B R A S - 2 3 Count
Expected
Count
1
. 5
3
1 . 6
2
1 . 6
2
2 . 7
0
1 . 1
0
. 5
8
8 . 0
% Within 
platform
1 2 . 5 % 3 7 . 5 % 2 5 . 5 % 2 5 % . 0 % . 0 % 1 0 0 %
% Within 
Dimension
1 0 0 % 1 0 0 % 6 6 . 7 % 4 0 % . 0 % . 0 % 5 3 . 3 %
% of Total 6 . 7 % 2 0 % 1 3 . 3 % 1 3 . 3 % . 0 % . 0 % 5 3 . 3 %
Platform P E T R O B R A S - 1 0 Count 0 0 1 3 2 1
. 5
- - - - - - - - - - - - - - - -
Expected . 5 1 . 4 1 . 4 2 . 3 . 9
7
7 . 0Count
% Within 
platform
. 0 % . 0 % 1 4 . 3 % 4 2 . 9 % 2 8 . 6 % 1 4 . 3 % 1 0 0 %
% Within 
Dimension
. 0 % . 0 % 3 3 . 3 % 6 0 % 1 0 0 % 1 0 0 % 4 6 . 7 %
% of Total . 0 % . 0 % 6 . 7 % 2 0 . 0 % 1 3 . 3 % 6 . 7 % 4 7 . 7 %Total Count 1 3 5  . 2 2 ] 15
Expected 1 . 0 3 . 0 5 . 0 2 . 0 2 . 0 1 . 0 1 5 . 0Count
% Within 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 3 . 3 % 1 0 0 % 1 0 0 %platform
% Within 6 . 7 % 2 0 % 3 3 % 1 3 . 3 % 1 0 0 % 6 . 7 % 1 0 0 %Dimension
% of Total 6 . 7 % 2 0 % 3 3 % 1 3 . 3 % 1 3 . 3 % 6 . 7 % 1 0 0 . 0
Table 6.2-D Satisfaction with work conditions management: Cross-tabulation
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Although the dimension addressing work conditions management provided 
different scores on individuals’ satisfaction, this variation suggests that profound changes 
in attitude have not been achieved, or at least, that the changes effected were not profound 
enough to be reliable. It could be argued that the drillers were conservative in their 
answers due to the influence of the organisational culture.
Scores from the Questionnaire II (Questions 1.2 and 1.4) regarding the 
importance of being involved in design decisions and boredom for non-participation 
provided a insight to the extent to which the individuals want to be engaged in workplace 
design decisions. Table 6-2-E and Table 6.2.-F below show the results.
Platform * Important being involved in workplace design Crosstabulation
Important being involved 
in w orkplace design
6.00 7.00 Total
Mattorm F t IROBRAS-23 Count 5 3 8
Expected Count 4.8 3.2 8.0
% within Platform 62.5% 37.5% 100.0%
% within Important being 
involved in workplace design 55.6% 50.0% 53.3%
% of Total 33.3% 20.0% 53.3%
PETROBRAS-10 Count 4 3 7
Expected Count 4.2 2.8 7.0
% within Platform 57.1% 42.9% 100.0%
% within Important being 
involved in workplace design 44.4% 50.0% 46.7%
% of Total 26.7% 20.0% 46.7%
Total Count 9 6 15
Expected Count 9.0 6.0 15.0
% within Platform 60.0% 40.0% 100.0%
% within Important being 
involved in workplace design 100.0% 100.0% 100.0%
% of Total 60.0% 40.0% 100.0%
Table 6.2-E Important being involved in workplace design: Cross-tabulation
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Platform * Boredom: no chance for participation Crosstabulation
Chapter 6
Boredom: no chance for participation
1.00 2.00 3.00 4.00 5.00 6.00Platform PETROBRAS-23 Count 1 0 2 1 1 3 8
Expected Count .5 .5 2.1 .5 1.1 80
°« within Platform 
°o within Boredom: no
12.5°. .0% 25.0% 12.5% 12.5% 37.5% 100.0%
chance for participation 100.0% .0% 50.0% 100.0% 50.0% 50.0% 53.3%
°o o f Total 
Residual
6.7%
.5
.0%
-.5
13.3%
-.1
6.7%
.5
6.7%
-.1
20.0%
-.2
53.3%
PETROBRAS-1C Count 0 1 2 0 1 3 7
Expected Count .5 .5 1.9 .5 .9 2.8 7.0
• » within Platform 
“o within Boredom: no
.0% 14.3% 28.6% .0% 14.3% 42.9% 100.0%
chance for participation 
®o of Total
.0%
,0°.
100.0% 50.0% .0% 50.0% 50.0% 46.7%
6.7% 20.0% 46.7%
Residual -.5 .5 .1 5 .1 .2
Total Count 1 1 4 1 2 6 15
Expected Count 1.0 1.0 4.0 1.0 2.0 60
°o within Platform 
°» within Boredom: no
6.7% 6.7% 26.7% 6.7% 13.3% 40.0% 100.0%
chance for participation 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
“«ofTotal 6.7% 6.7% 26.7° o 6.7% 13.3% 40.0% 100.0%
Table 6.2-F Boredom if no chance for participation: Cross-tabulation
6.3 Attitudes: Results and data analysis (Questionnaire III)
The mean values, standard deviations, and variances for each attitude sub-scales in 
addition to the tables in this chapter are also shown in Appendix II.B.1 and Appendix 
ILB.2 Confrontation concerning individual vs. groups outcomes based on the informal 
conversation, guided by the Questionnaire HI is provided in Appendix V.
The results from the Questionnaire III are shown below. The first dimension 
considered in the attitude assessment was ‘intention' {Questions 1 to 4), which may 
provide basis for understanding the behavioural pre-dispositions of the subjects involved in 
the study. The individuals working within the platforms Petrobras-10 and Petrobras-23 
scored highly their intentions to work with confidence {Question I) in the new driller’s 
workstation (mean value 3.0+00 and 2.0+2.07, respectively). The subjects in both groups 
felt that they should work cautiously {Question 2) in the new workstation (mean value 
2.71+.50 and 2.25+.90, respectively).
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To the subjects among those within platform Petrobras-10 confidence to work 
(Question 3) was not seen as a result of participation (mean value 1.14+1.57), while 
among those individuals within the platfom Petrobras-23 the opinions were neutral (mean 
value .37+2.70), but with an expressive variance (S= 5.12) in the response scores.
Similarly, the intention to work cautiously in the new workstation (Question 4) 
received a low score in both platforms. In the platform Petrobras- 10 the score was
greater (mean value 1.14+1.80) than within the platfoim Petrobras-23 (mean value 
.75±2.40).
Conversely, the score to attitude (Question 5) was greater among the drillers 
within platform Petrobras-23 (mean value 1.5+2.0) than the scores within the platform 
Petrobras-10 (mean value .86+1.7). It should be noted that the mode for the scores was
3.0 within the platfoim Petrobras-23 while the mode was only 1.0 for the scores given 
within the platform Petrobras-10. Table 6.3-A and Table 6.3-B below show the results.
Central Tendency - Intention and Attitude Statistics - platform Petrobras 10
I n t e n t i o n  
W o r k  
C a u t i o u s h  
D u e  t o  
R e d u c e d
I n t e n t i o n  : 
W o r k  w i t h  
C o n f i d e n c e  
i n  t h e  N e w  
W o r k s t a t i o n  
7
3.0000 
3.00 
.0000
I n t e n t i o n : I n t e n t i o n :  
C o n f i d e n c e  
t o  W o r k  a s  a  
R e s u l t  o f
C a u t i o u s h
i n  t h e  N e w
W o r k s t a t i o n P a r t i c i p a t i o n  P a r t i c i p a t i o n A t t i t u d e
2 . 7 1 4 3 1 . 1 4 2 9 1 . 1 4 2 9
S t d .  D e v i a t i o n
1 . 5 7 3 6 1 . 7 7 2 8 1 . 0 6 9 0
S k e w n e s s
- 1 . 2 3 0
a ‘ M u l t i p l e  m o d e s  e x i s t .  T h e  s m a l l e s t  v a l u e  i s  s h o w n
Table 6.3-A Measurement of distribution: Intention and Attitude (Petrobras -10)
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Central Tendency - Intention Statistics - Platform Petrobras 23
I n t e n t i o n  : 
W o r k  w i t h  
C o n f i d e n c e  
i n  t h e  N e w  
W o r k s t a t i o n
I n t e n t i o n :  
W o r k  
C a u t i o u s l y  
i n  t h e  N e w  
W o r k s t a t i o n
I n t e n t i o n :  
C o n f i d e n c e  
t o  W o r k  a s  a  
R e s u l t  o f  
P a r t i c i p a t i o n
I n t e n t i o n :  
W o r k  
C a u t i o u s l y  
D u e  t o  
R e d u c e d  
P a r t i c i p a t i o n A t t i t u d e
N  V a l i d 8 8 8 8 8
M e a n 2 . 0 0 0 0 2 . 2 5 0 0 . 3 7 5 0 . 7 5 0 0 1 . 5 0 0 0
M o d e 3 . 0 0 3 . 0 0 3 . 0 0 2 . 0 0 3 . 0 0
S t d .  D e v i a t i o n 2 . 0 7 0 2 . 8 8 6 4 2 . 2 6 3 8 2 . 3 7 5 5 2 . 0 0 0 0
S k e w n e s s - 2 . 5 7 6 - . 6 1 5 - . 2 2 6 - . 7 1 4 - 1 . 0 7 1
Table 6.3-B Measurement of distribution: Intention and Attitude (Petrobras 23)
The dimension ‘subjective norm' {Questions 6 and 7) in both groups (platforms 
Petrobras-10 and Petrobras-23) showed that the individuals’ reported expectations from 
others members, to work with confidence in the new work situation is moderate (mean 
values 1.85+1.21 and 1.5+1.31, respectively for Question 6). However, the reported 
individuals’ expectations with respect to their own performance and confidence to work 
in the new workstation based on their past job experience {Questions 7) were greater 
(mean values 2.5±.53 and 2.14+1.70, respectively). Table 6.3-C and Table 6.3-D below 
show the summary of the results.
Central Tendency - Subjective Norm and Expected Utility Statistics - Platform Petrobras 10
Subjective 
Nomv. 
Participation 
and Opinion 
of Important 
Others
Subjective 
Norm: Job 
Experience 
and 
Important 
Others' 
Opinion
Expected 
Utility 
Participation 
and Better 
Performance
Expected 
Utility: 
Participation 
and Safety 
Improvement
Expected 
Utility: 
Participation 
and T rust in 
System 
Design
Expected 
Utility 
Participation 
and Comfort 
Improvement
Expected 
Utility 
Participation 
and Increase
Satisfaction
N Valid 7 7 7 7 7 7 7
Mean 1.8571 2.1429 5714 .8571 .8571 1.5714 1.7143
Mode 3.00 2.00 2.00 1.00' 2.00 3.00 2.00
Std. Deviation 1.2150 .6901 1.6183 1.7728 1.8645 2.1492 .9512
Skewness -.414 -.174 -674 -2.215 -1.874 -2.041 -.863
a  Multiple modes exist. The smallest value is shown
Table 6.3-C Measurement of distribution: Subj. Norm and Expected Utility (Petrobras 10)
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Central Tendency - Subjective Norm and Expected Utility Statistics - Platform Petrobras 23
Subjective 
Norm: 
Participation 
and Opinion 
o f  Important 
Others
Subjective 
N orm :Job 
Experience 
and 
Important 
Others' 
Opinion
Expected Expected 
Utility: Utility: 
ParticipationParticipation 
and Better and Safety 
Performance Improvement
Expected Expected 
Utility: Expected Utility: 
Participation Utility: Participation 
and Trust in Participation and Increase 
System and Comfort in 
Design Improvement Satisfaction
N Valid 8 8 8 8 8 8 8
Mean 1.5000 2.5000 .1250 .2500 .2500 .5000 .2500
Mode .00" 2.00" 1.00 2.00 -2.00" 2.00 3.00
Std. Deviation 1.3093 .5345 2.0310 2.1213 2.2520 1.9272 2.7646
Skewness -.255 .000 -.224 -.314 -.413 -.958 -.128
a-M ultiple modes exist. The smallest value is shown
Table 6.3-D Measurement of distribution: Subj. Norm and Expected Utility (Petrobras 23)
The dimension ‘expected utility' {Questions 8 to 12) showed a neutral score in 
both platforms. The subjects within platform Petrobras-10 and platform Petrobras-23 
rated the mean value .57+1.62 and .12+2.03 respectively for participation contribution for 
better performance {Questions 8). The expected utility in participating to improve safety 
in their workplace {Questions 9) within the platform Petrobras-23 the scores were 
dispersed: min-max -3.0 and +3.0, mean value .25+2.12, while the subjects within the 
platform Petrobras-10 scored this sub-scale in similar pattern: min-max -2.0 and +2.0, 
mean value .86+1.86.
The subjects expressed less favourable view of expected utility toward trust in the 
system design in both platforms {Questions 10). The higher score was verified within the 
platform Petrobras-10 (.86+1.86 ), while within the platform Petrobras-23 the expected 
utility toward trust was poorly scored (mean value .25+2.25).
The subjects within the platform Petrobras-23 scored their expectations in 
participating to improve comfort {Questions 11) greater (mean value 1.57+2.14) than 
those individuals within the platform Petrobras-10 (mean value .5+1.92). They also 
reported participation effects on work satisfaction due to the involvement in design 
decisions {Questions 12) was reported positively within the platform Petrobras-23 (mean
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value 1.71+.95), while the individuals within platform Petrobras-10 scored less favourably 
these effects on satisfaction (mean value .25 ±2.76).
Results from the six sub-scales contemplated in the dimension ‘referents’ 
{Questions 13 to 18) revealed some differences between the groups working within each 
platform. The individuals within the platform Petrobras-10 reported that they did not have 
a substantial interaction with referents, who are important to them in the oil rig, such as 
other drillers, supervisors and managers. Hence, they provided negative scores for all sub­
scales with respect to the referents {Questions 13 to 18).
When asked about receiving positive reference about reliability of the new 
workstation and its technical resources from referents such as drillers (mean value - 
.43±2.44) and supervisors (mean value -.86+2.03) the subjects scored negatively 
{Questions 14 and 17).
The interaction with referents about performance {Questions 13 and 16) in similar 
workstation design within subjects the platform Petrobras-10 also received a low score 
(mean value -.57+2.3 and -.57+2.29, respectively). Also, they negatively scored 
interactions with others drillers and supervisors, who could give positive reference about 
satisfaction to work {Questions 15 and 18) with the same type of operating system (mean 
value -.43+2.43 and -Î.O+Î.9Î, respectively). The results are shown in Table 6.3-E below
Central Tendency - Referents Statistics - Platform Petrobras 10
Referents:
Driller’s
Positive
Reference
about
Performance
Referents:
Driller's
Positive
Reference
about
Reliability
Referents:
Driller's
Positive
Reference
about
Satisfaction
Referents:
Supervisors'
Positive
Reference
about
Performance
Referents:
Supervisors'
Positive
Reference
about
Reliability
Referents:
Supervisors'
Positive
Reference
about
Satisfaction
N Valid 7 7 7 7 7 7
Mean -.5714 -.4286 -.4286 -.5714 -.8571 - 1.0000
Mode -3.00 -3.00 -3.00 -3.00" -3.00" -3.00
Std. Deviation 2.3705 2.4398 2.4398 2.2991 2.0354 1.9149
Skewness -.086 -.266 -.266 -.275 -.268 -.199
a- Multiple modes exist. The smallest value is shown
Table 6.3-E Measurement of distribution: Referents (Petrobras 10)
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Central Tendency Referents Statistics -  Platform Petrobras 23
Referents:
Driller's
Positive
Reference
about
Performance
Referents:
Driller’s
Positive
Reference
about
Reliability
Referents:
Driller’s
Positive
Reference
about
Satisfaction
Referents:
Supervisors'
Positive
Reference
about
Performance
Referents:
Supervisors’
Positive
Reference
about
Reliability
Referents:
Supervisors'
Positive
Reference
about
Satisfaction
N  Valid 8 8 8 8 8 8
M ean .2500 -.3750 .0000 .2500 -.2500 .2500
M ode .00a -1.00 -1.00 -1.00* -1.00 .00
Std. Deviation 1.6690 1.8468 1.9272 1.9086 2.0529 1.8323
Skewness -1.014 .190 .160 -.308 .446 -.302
a- M ultiple modes exist. T he smallest value is shown
Table 6.3-F Measurement of distribution: Referents (Petrobras 23)
The same pattern of negative scores to the sub-scales concerning the interaction 
with important others (drillers and supervisors) and their feedback on reliability {Questions 
14 and 17) was found among those individuals within the platform Petrobras-23 (mean 
value -.37±1.84 and -.25±2.05, respectively). They classified negatively in similar way 
the interaction with important others (drillers and supervisors) and their feedback on 
performance (mean value -.25±1.67 and -.25+2.05, respectively). Also, they negatively 
scored interactions with others drillers, who could give positive reference about 
satisfaction to work {Questions 15 and 18) with the same type of operating system (mean 
value -.43+1.93) while the feedback from supervisors was neutral (.25+1.83 and mode 
.0.0). Table 6.4-H above summarises the results.
The dimension ‘beliefs' {Questions 19 and 20) was aimed at the elicitation of 
salient beliefs. The results have shown that the subjects within the platform Petrobras-23 
did not associate ‘beliefs' to a positive participation’s effects towards their confidence 
{Question 19) to engage in a new work situation (mean value -.12+2.16), while among the 
individuals within the platform Petrobras-10 was reported a neutral score (mean value 
0.0+1.73). Table 6.3-G and Table 6.3-H below show the results.
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Central Tendency - Beliefs and Expected Results Statistics - Platform Petrobras 10
Beliefs: 
Confidence 
to Work Due 
to
Participation
Beliefs: 
Involvement 
in Design 
and 
Performance
Expected 
Results: 
Based on 
Past 
Experience
Expected 
Results:Mantain 
Performance 
Even Without 
Participation
N Valid 7 7 7 7
Mean .0000 .2857 1.1429 1.4286
Mode 1.00 -1.00= 1.00= 2.00
Std. Deviation 1.7321 2.0587 1.0690 1.1339
Skewness -.808 -.373 -1.520 -.235
a- Multiple modes exist. The smallest value is shown
Table 6.3-G Measurement of distribution: Beliefs and Expected Results (Petrobras 10)
Central Tendency - Beliefs and Expected Results Statistics - Platform Petrobras 23
Beliefs: Beliefs: Expected Expected
Confidence Involvement Results: Results:Mantain
to Work Due in Design Based on Performance
to and Past Even Without
Participation Performance Experience Participation
N Valid 8 8 8 8
Mean -.1250 .1250 2.1250 2.0000
Mode 1.00 2.00 2.00= 2.00=
Std. Deviation 2.1671 2.1671 .8345 1.0690
Skewness -.574 -.774 -.277 -.935
a- Multiple modes exist. The smallest value is shown
Table 6.3-H Measurement of distribution: Beliefs and Expected Results (Petrobras 23)
The dimension 1 Expected Results' {Questions 21 and 22) was aimed at the 
elicitation of expectations held by the subjects. Table 6.3-G and Table 6.3-H above show 
that the results were positive, but near to the neutral point on the scale in both platforms.
The dimension normative beliefs {Questions 23 and 24) examined the influence of 
expectations of moral obligation based on past experience and job commitment. The 
scores reported by the subjects within the platform Petrobras-10 to their past experience 
{Question 23) and supervisor’s opinion {Question 24) (mean value 1.57+2.07 and 
1.85±1.77, respectively) provided evidence of substantial expectations towards normative
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beliefs. The same deduction occurred when analysing the scores provided by the subjects 
within the platform Petrobras-23 (2.06±1.07 and 2.06±1.07, respectively).
The dimension motivation to comply (Questions 25 to 27) expressed by the 
subjects in both platforms were highly scored (mean value 6.00 and mode = 6). These 
scores highlighted the importance attributed by the drillers to their co-workers and 
management expectations. This opinion was reinforced by the subjects within the platform 
Petrobras-10 and the platform Petrobras-23, who expressed their predisposition to keep 
performance even without participation in the design intervention ( mean values 6.28±.49 
and 6.25±.71, respectively). Table 6.3-1 and Table 6.3-3 below summarise these results.
Central Tendency - Normative Beliefs and Motivation to Comply Statistics - Platform Petrobras 10
N o r m a t i v e  
B e l i e f s :  P a s t  
E x p e r i e n c e
N o r m a t i v e
B e l i e f s :
S u p e r v i s o r
a n d
M a n a g e r s
O p i n i o n
M o t i v a t i o n  
t o  C o m p l y :  
M a n a g e m e n t  
E x p e c t a t i o n s
M o t i v a t i o n  
t o  C o m p l y :  
C o - w o r k e r s  
E x p e c t a t i o n s
M o t i v a t i o n . K e e p  
P e r f o r m a n c e  
E v e n  W i t h o u t  
P a r t i c i p a t i o n
N  V a l i d 7 7 7 7 7
M e a n 1 . 5 7 1 4 1 . 8 5 7 1 6 . 1 4 2 9 6 . 2 8 5 7 6 . 2 8 5 7
M o d e 2 . 0 0 2 . 0 0 " 6 . 0 0 6 . 0 0 " 6 . 0 0
S t d .  D e v i a t i o n 2 . 0 7 0 2 1 . 7 7 2 8 . 6 9 0 1 . 7 5 5 9 . 4 8 8 0
S k e w n e s s - 2 . 3 5 1 - 2 . 2 1 5 - . 1 7 4 - . 5 9 5 1 . 2 3 0
a - M u l t i p l e  m o d e s  e x i s t .  T h e  s m a l l e s t  v a l u e  i s  s h o w n
Table 6.3-1 Measurement of distribution: Normative Beliefs and Motivation (Petrobras 10)
Central Tendency - Normative Beliefs and Motivation to Comply Statistics - Platform Petrobras 23
N o r m a t i v e
B e l i e f s :
N o r m a t i v e  
B e l i e f s :  P a s t  
E x p e r i e n c e
S u p e r v i s o r
a n d
M a n a g e r s
O p i n i o n
M o t i v a t i o n  M o t i v a t i o n  
t o  C o m p l y :  t o  C o m p l y :  
M a n a g e m e n t  C o - w o r k e r s  
E x p e c t a t i o n s  E x p e c t a t i o n s
M o t i v a t i o n : K e e p  
P e r f o r m a n c e  
E v e n  W i t h o u t  
P a r t i c i p a t i o n
N  V a l i d 8 8 8 8 8
M e a n 2 . 0 0 0 0 2 . 0 0 0 0 6 . 0 0 0 0 6 . 0 0 0 0 6 . 2 5 0 0
M o d e 1 . 0 0 a 2 . 0 0 a 6 . 0 0 6 . 0 0 6 . 0 0
S t d .  D e v i a t i o n 1 . 0 6 9 0 1 . 0 6 9 0 1 . 3 0 9 3 . 7 5 5 9 . 7 0 7 1
S k e w n e s s . 0 0 0 - . 9 3 5 - 2 . 0 3 7 . 0 0 0 - . 4 0 4
a - M u l t i p l e  m o d e s  e x i s t .  T h e  s m a l l e s t  v a l u e  i s  s h o w n
Table 6.3-3 Measurement of distribution: Normative Beliefs and Motivation (Petrobras 23)
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Since the beliefs related to technical systems deals with prescribed expectations 
such as technical competence, persistence and predictability, trust in the technical systems 
may be influenced by the participation in the design improvements. The effects of a 
participative role in workplace improvements played by the drillers may influence their 
behavioural intentions. This perspective was taken into account through the verbalisation 
during informal interviews, which the results presented in the next section.
6.4 Talking to the Drillers: the design intervention on the oil rig and 
verbalisations on expectations and experiences
During the walk through, the drillers were informally asked about their experience 
in participating in the engineering design intervention and their confidence to work in the 
new workstation. They revealed that the many activities involved in the oil rig did not 
give them the opportunity to concentrate in only one equipment or system. Nonetheless, 
the driller’s workstation naturally caught their concern because the driller’s cabin 
represents to them an important part of the oil rig and where they will spend most their 
work.
By guiding the conversations through the aspects approached in the 
questionnaires, their thoughts and expectations regarding future performance, trust in the 
new workstation, teamwork, and management of the design intervention were focused in a 
manner to portrait particular aspects, which were important to them. Appendix IV 
provides a summary on individual basis, summarising the outcomes from the subjects’ 
statements for each dimension regarded in the present study {Questionnaire II and 
Questionnaire HI). A comparison of the outcomes between the two groups and a 
confrontation between group vs. individual outcomes are discussed in Chapter 7.
Some subject’s statements obtained through the informal conversation are included 
in the present Chapter in order to highlight their expectations and experiences in the 
engineering design intervention studied.
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They claimed that they did not have suitable training and time to get acquainted to 
all the situations in the new workstation. They had expectations to work trustfully but 
they could not guarantee. It meant that some individuals reported the scale in an opposite 
manner to when they were asked to express their intention.
The general evaluation about their feelings and the intrinsic feeling of obligation 
showed that they were very positive in terms of attitude and subjective norm. The 
dialogue with the Driller t£D” within the platform Petrobras-23 provided the following :
“ Doesn V matter i f  it is a new or old system  each driller is responsible fo r  checking
the drilling parameters in his shift and the fiinctioning o f  the equipment on the drill floor... There 
is no support fo r  excuses in case o f  mistakes in this kind o f  work... "
The individual’s judgement in many personal talks gave the impression that they 
were in fact confident based on their own experience. It was no matter of participating or 
not in the design intervention, but the individual’s perception of responsibility related to 
their job and colleagues. They acknowledged that given their experience they had 
fiduciary responsibility in doing well the tasks even in a new situation.
Driller “J” within the platform Petrobras-10 reported:
"... All drillers on the platform must familiarise with the equipment and systems on the
rig.. ... You know even the flaw s and problems must always be under control, they (the
management) will charge you fo r  responsibilities because here you are not a novice...
The drillers reported that there was no motivation to work based on bonus or 
promotion when asked about rewards within the oil rig. They claimed that due to the 
management style within the whole organisation this practice is not applied in their jobs.
Thus, the drillers’ expectations were not driven by this kind behavioural token, 
which could lead to a positive outcomes. However, when asked about the interaction with
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other team members in the platform they said that it is very important how other 
colleagues might see job attitudes.
Driller ttM” in the platform Petrobras-10 stated:
"...At the beginning, most o f  the time. I  will rely on the feedback from the crew on the 
rotary table . I will have to struggle very hard to operate it... "
Driller “E” in the platform Petrobras-23 expressed his concern:
"I think that some drillers on this oil rig. as the time has passed, have acquired respect 
among the crew, but the management will not indidge us for poor performance nor gratify us for 
results they consider that is our obligation... "
Generally speaking, the drillers classified the members of the crew (derrickman and 
floorhands) as the most important reference group because they are constantly working 
together and the need for a mutual respect to build and strengthen trust in the day-to-day 
work activities. They also noted that the relationship with the rig’s tool pusher (drilling 
supervisor) as important in their autonomy in the daily work. Furthermore, technology at 
this stage of the offshore work continually allows management to downsize its workforce. 
Such reduction in the drilling workforce allows the oil rig management to retain only 
employees who are reliable and productive and who can be trusted.
When asked directly. Driller “A”, a senior driller in the platform Petrobras-23, did 
not claim to know pressure from the platform’s management to adapt to the new work 
situation. Earlier in the interview he talked about the restricted time to start drilling in a 
new fashion (deepwater), he revealed:
"Here we value informal dialogue and good relationship between the crew and  
supervisors. I think the same group is still working on this oil rig for years because there is 
mutual confidence in what each one can do...''
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The drillers in both platforms saw the opinions from others as a positive 
reinforcement towards their insertion within the group as competent drillers. They tap 
into values that underlie the relationship and create a sense of moral obligation (Barber, 
1983).
When asked about changes in the design of their workstation and the feelings of 
satisfaction they responded positively. Altogether, they were enthusiastic in describing the 
improvements but they revealed some concern with regarding their performance. 
However, the drillers within the platform Petrobras-23 revealed some concern about the 
integration of all resources introduced for deepwater operation, and the reliability of that 
integration.
In contrast, the drillers within the platform Petrobras-10 avowed many advantages 
in the total modification in their workstation within an oil rig assigned only to a non- 
deepwater drilling operation. However, both groups indicated that the intervention 
suffered a major flaw centred in the structure of the power in the design management in 
the shipyard, which reduced the opportunities for possible corrections.
The driller “F” from the platform Petrobras-23 stated:
"... It is frustrating ... Everyday in the shipyard we asked them to install a  suitable chair.... You 
see.... it is good to rest, but I  cannot reach that throttle without standing up... "
The driller tcKH from the platform Petrobras-10 demonstrated his concern about 
performance:
Now it look like a star war spacecraft, the only thing is ... I cannot take action from here 
that expose my colleagues out there to the danger because o f  my decisions...
For instance, the drillers within the platform Petrobras-23 claimed that during the 
design definitions to the upgrade, the engineering design team did not involve a significant 
number of drillers into the discussions.
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Driller “B” in the platform Petrobras-23 noted:
‘ Have you seen the new tool we created ? We cannot reach many controls in this cabin
without this stick. It was a real breakthrough after realising they were not going to fix the
problem... ”
The same situation generated many complaints among the drillers within the 
platform Petrobras-10. During the interviews the some of the drillers expressed their 
concern for being apart of the stage of design definitions. They claimed that they did not 
receive any formal feedback in terms of performance, reliability or satisfaction from other 
drillers or drilling engineers experienced in working with the computer-based drilling 
workstations. They complained that the company did not allow them to visit similar oil 
rigs to see how it would work. However, through a informal ‘network’ they got some 
opinions from colleagues working within the platform Petrobras-23 project.
The driller “L” reported:
‘They (the management) tried to convince us to eliminate the ‘Martin Decker ' and put all
this stuff on screen using the computer. but we talked to others drillers in the shipyard in
Holland and they told us about their decision.... so. we pressured the engineering here to do the 
same... "
Regarding the comfort conditions, both groups agreed that the modifications 
introduced provided an improvement in the comfort within the driller’s workstation and it 
could be seem as a factor to promote higher level of satisfaction. The driller “A” within 
the platform Petrobras-23 revealed with this quotation:
“...You see. ... we were expecting something to facilitate our job. we have know a 
workstation comfortable comparing to the o l d . but we will have a hard time to deciphering a lot 
o f  things on this control panel... "
The driller “ K” when asked about the comfort within the platform Petrobras-10,
replied:
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' It was more than I was expecting, but I  wonder i f  they will give us enough time to 
reduce mistakes... I am sure I  will be working in a comfortable stressing condition until I  learn 
how to deal with this computer... "
During the interviews the impression was that they were motivated in receiving a 
re-designed drilling workstation, but a crucial aspect echoing in both platforms was 
regarded to the difficulties to implement a suitable training program. They claimed that 
training for existing needs is usually argued within the company as necessary and fail-safe, 
notwithstanding it has been failing to assist the offshore worker to upgrade its technical 
competency to face the challenge of the introduction of new technologies.
A small number of drillers had the opportunity to participate in an ‘introductory 
presentation’ to the resources introduced provided by the vendor of the computer-based 
system, which provided to them to identify some design aspects overlooked in the latter 
stages of the project.
Driller “O” during an introduction to the interview, by gesture and exasperation, 
declared earnestly:
"I think the management decided to provide training to the drillers who are younger, you  
know... some o f  them will retire in the near fiiture.... I  think they found that it would be a waste 
o f  time and money... "
'They offered training only fo r  those who knew something about computers... "
In the group of drillers within the platform Petrobras-10, which declared having a 
slight knowledge of computing, there were two drillers, who had the opportunity for 
taking a short course on the functioning of the new drilling system. They were relatively 
younger comparing to the remaining drillers on the oil rig. However, they revealed a 
superficial knowledge about the functioning of the computer-based drilling system, as 
reported with the following statements, which characterise their view on these issues.
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The driller “F’ asserted:
"... Actually. I  don 't know this system well, but I  know how to drill oil wells, and the 
computer will not tell me how to do better... "
They revealed that the ability to operate in the new workstation rely on their self- 
confidence based on past experience and traditional operational rules. They also 
expressed concern in keep their ‘status offshore’ and to avoid ‘skill obsolescence’.
The driller “G” asked the interviewer for a brief talk after the shift. He was 
concerned about his job. He thoughtfully conceded:
"You know.... 1 am not young anymore, since the beginning we started talking about 
computers I  realised I have to start learning computing... " ... 'May be my sons can be o f  some 
help. I  could see computer only after buying one to them... "
Despite their self-confidence and the recognition of their professional capabilities 
by the platform management, the drillers in both platform were considering the problem of 
shortage in the number of oil rigs within the fleet owned by their employer. This situation 
posed to them some risk of redundancy. Thus, their attitudes towards the new 
workstation helped them to understand and to perform a defensively selective judgement 
of the job constraints and the implications of underlying issues related to job security to 
the near future.
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CHAPTER 7_______
Discussion: Participation’s affect on Attitudes
Men R({e the opinions to which they have 
Become accustomed from youth; this 
prevents them from finding the truth, fo r  
they cRng to the opinions ofhahit.
(Moses Maimodes 1135-1204; Egyptian physician and philosopher)
7.0 Introduction
The analysis adopted for the present research attempts to evaluate the 
individuals’ satisfaction with participation and its effects on their attitudes through the 
tools applied in the field study. The present analysis was based on the amalgamation of 
individuals’ responses, appreciation of observations and interviews addressing 
satisfaction with participation and attitudes. The two main questionnaires assessed the 
individuals’ satisfaction with participation, and attitudes in the engineering design 
interventions in the offshore oil platforms under study.
Participants were assigned to the study under the actual intervention 
conditions. The respondents, in the twofold interview approach, were compared for all 
variables included in nine attitude and five satisfaction with participation dimensions, 
which revealed no substantial difference in the response patterns. It is worth noting 
that the present study utilised a naturalistic approach rather than only strict qualitative 
and quantitative methods. To determine if differences exist, additional information 
through individuals’ verbalisations of their ‘personal realities’ were included. The 
qualitative interview grants a privileged position for creating objective knowledge of 
part of the social world studied (Kvale, 1990, Guba, 1981). It provided a means of 
identifying events and relationships that are most relevant in the same way that they are 
understood by people who are part of the context. With this understanding, this
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chapter proceeds with the analyses of the data offering interpretations to the dynamics 
of the general aspects of the interaction and perceptions of the workers involved in the 
design intervention regarded in the present study.
7.1 Discussion
The research design elements of this study were intended to create emergent 
constructions as the study evolved. This was a non-experimental study and the 
observations and data collection were carried out concurrently, while a number of 
changes in the situation of work in the setting being investigated were undertaken. 
The context of each work situation, that is, each oil rig, was subject to different 
management styles, technological demands, and individual aspects for the engineering 
design and ergonomic intervention. Thus, no definite conclusions can be drawn about 
the impact of any isolated factor involved.
The examination in a follow-up assessment of possible changes in the subjects’ 
attitudes and satisfaction with the outcomes of the design intervention was undertaken 
through the scores given between the first formal data collection (before the oil rigs 
started their drilling operations) and the second formal data collection (after returning 
to the drilling operation). The comparison carried out approximately 3 months after 
the initial formal interviews -  did not show substantial differences in the scores given. 
Hence, no substantial change in satisfaction and attitude could be reported.
A general problem with measurement of change is how to differentiate between 
perceived change and real change. The numbers may provide unlimited interpretations 
of the truth (Eco, 1990). The data collected based on the interviews, observations, and 
walk-through allowed the perception of a ‘subtle’ change in satisfaction and attitudes 
among the individuals.
The existing difference was properly evident through the verbalisations during 
the interviews and walk-through undertaken concurrently to the application of the 
questionnaires.
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However, the quantitative tools were not allowed to demonstrate substantial 
difference in the pattern of attitudes and satisfaction with the new workstation design. 
The practical constraints in the context investigated, such as time, were the first factors 
in this regard. Another possible factor could be that individuals re-calibrated their 
scales towards the issues contemplated in the tools assessing satisfaction with 
participation and attitude, that is, they could have demonstrated a learning effect. 
However, they were not aware of the criteria applied to the tools, and consequently, 
they could not deliberately influence the measures of the constructs.
7.1.1 Analysis of findings from the satisfaction with participation 
assessment
Some resulting measures in the data analysis obtained from Questionnaire II 
had skewed distributions, i.e. most scores were concentrated within a small range, but 
there was a tail of extreme scores at one end. It should be noted that most of the 
measures in Questionnaire //, applied in both platforms, when pooled presented 
negative skewness (between -2.35 and .83). This meant that the subjects scored more 
positively the scales for each dimension of concern. This pattern of responses was 
reproduced when analysing the statistical behaviour for both platforms individually.
For instance, participation’s effects on work satisfaction due to the involvement 
in design decisions (Questionnaire II, Scale 1, Questions 1.1 to 1.5). were reported 
positively among those individuals working within the platform Petrobras-10, while the 
individuals within platform Petrobras-23 were more skeptical, underscoring these 
effects on satisfaction. The latter had more time to identify design problems in the 
platform’s design upgrade, while the individuals within the platform Petrobras-10 only 
started to get involved in the modifications at a late stage of the design intervention.
However, the scores given to satisfaction with participation were not consistent 
with the verbalisations during the personal interviews. Data obtained directly from the 
driller’s report have identified a substantial number of drillers, who had distinct 
opinions and understanding of the issues raised in the questionnaire. It might be 
explained by the unrealistic expectations regarding the ergonomic improvements to be
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implemented, as expressed by some drillers within the platform Petrobras-23, or by 
claims from drillers within the platform Petrobras-10 for a proper and early training 
program. They argued that the training program might enable the operators to 
assimilate faster the task procedures in the new workstation, and promoting users’ 
satisfaction.
Satisfaction may be translated as the emotional affective response concerned 
with feelings of likes and dislikes. Locke et al. (1979) defined satisfaction as a positive 
emotional state from an evaluated experience of one’s job interactions. In fact, 
participation had a distinct approach and a peculiar technical demand in the design 
intervention in each platform. The context gave a different flavour of their 
organisational role in terms of participation to each group of drillers.
Despite the feelings of ownership which may be felt among those individuals 
within the platform Petrobras-23, many problems associated with the design of the new 
workstation occurred during the design decisions and commissioning phases, including 
those related to the drillers’ participation. While the drillers within the platform 
Petrobras-23 made a previous claim toward improvements in the design of their 
workstation, and consequently received it partially in return through the current 
intervention, the drillers within the platform Petrobras-10 felt they were contemplated 
with the refurbishment of their workstation only as a consequence of the previous 
effort made in the platform Petrobras-23.
Hulin et ai (1985), consistent with Fishbein and Ajzen’s (1975) work on the 
formation of attitudes, argued that dissatisfaction might alternatively result in 
intentions to reduce job inputs or to change work situations. Some of the drillers 
expressed uneasiness and apprehension in criticising the way that the engineering 
design intervention was managed, but stated that it was necessary “ Zo a\>oid getting 
into trouble with the management”. This attitude is related to the individuals’ 
perception of fairness of the organisational process (Mowday, 1996), and the 
consequences related to the compliance pressures in the organisation (Jackal, 1988, 
Kelman and Hamilton, 1989).
The evaluation of consequences based on the organisation’s system of 
sanctions and rewards may influence the beliefs that extra-role behaviours provide to 
the members of the organisation. These extra-role behaviours are labelled as
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organisational spontaneity (George and Brief, 1992). These ‘spontaneous’ extra-role 
behaviours include protecting the organisation, helping co-workers, making 
constructive suggestions, and spreading goodwill. According to these thoughts, the 
results of Questionnaire II  reinforced these arguments when summing up the scores 
for each sub-scale of satisfaction. The mean values were all in the upper end of the 
scales (4.5 points) in both groups in a l-to-7 points scale.
These scores were in opposite directions when their verbalisations with respect 
to satisfaction with participation were considered. This situation emphasises the 
acquiescence given by the drillers to the management style which might protect them in 
exchange for loyalty and behavioural compliance (see Hofstede, 1980 for further 
discussions).
Despite the positive feelings of ownership for the results of the design 
intervention perceived among the drillers within the platform Petrobras-23, they 
recognised some flaws in the development and implementation of their suggestions. 
The final decisions in both platforms were taken by members of the engineering design 
management in accordance with the oil rig’s management.
The drillers, as end-users, claimed that their involvement could be worthwhile 
to the modifications implemented. The drillers within the platform Petrobras-10 noted 
that their involvement in early stages of the design process could have provided a 
faster learning of the new drilling system, improving their performance. They had to 
start working in the new workstation, which was totally computer-based, something 
that they could not anticipate dealing with.
According to Bravo (1993), it is important to include the users in initial stages 
of development. Cotton et ai (1988 p. 10) noted that participation has a “relatively 
consistent and positive effect on productivity..”. They argued that 67% of the 
literature consulted in their study provided evidence of positive effects of participation 
in work decisions on performance.
Despite the involvement perceived through changes promoted in the design of 
their workstation within the platform Petrobras-23, the satisfaction with the workplace 
management promoted by the company showed a neutral point in terms of opinions 
among the drillers.
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Conversely, the drillers within the platform Petrobras-10, which followed the 
basic design guidelines for changes in the driller’s workstation, proposed initially 
within the platform Petrobras-23 as part of the overall upgrade activities, were more 
satisfied with the management of workplace conditions.
It should be observed that, within the platform Petrobras-23 the negotiations 
themselves occurred between the platform management, engineering design team, and 
drilling crew members. This approach took the form of bargaining between different 
values and interests among members towards the design solutions.
It can be seen from Figure 6.1 and Figure 6.2 in Chapter 6 (in respect to 
Questionnaire II, Question 1.3) that the scores for individuals’ satisfaction with 
participation, even if the they were apart of the intervention, were balanced within the 
platform Petrobras-10. The scores’ distribution was spread in terms of importance 
given to their participation. Conversely, within the platform Petrobras-23 the 
individuals emphatically scored the frustration and dissatisfaction if they could not take 
part in intervention in their workplace.
The results showed that through their attitudes the individuals tried to behave 
in line with the organisational culture within their employer. Despite some 
disagreement during the interviews, they responded positively towards some work 
aspects that they claimed as unfair when considering opportunities given for 
participation.
Here it is important to point out that the company had a long record of fair 
dealing with its employees; its socially directed employee relations policies was 
distinctly sympathetic. Moreover, in their long tenure within the company, as 
translated by an exceptionally low labour turnover, the subjects gave ample evidence of 
their appreciation of, and friendliness toward the company. However, cultural and 
organisational barriers existing in a stated-owned oil company gave a different 
employee-organisation relationship in the context studied.
In the experience of the two platform engineering design interventions it could 
be seen that the advantage of having a proactive engineering design team and 
enthusiastic managers for running each platform was counter-balanced by the lack of 
effective participation of end-users. With early user involvement in the design
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decisions and initial phases of the construction and refurbishment, the implementation 
of the new driller’s workstation could be improved.
Table 7.1 below shows a possible comparison of the existing participation 
taxonomy as reviewed in the literature (see Chapter 2) and the evidence from the 
outcomes in the context studied.
Participation Levels Taxonomy vs. Study Outcomes
Levels/Scale of I relationship Study Evidence
Participation Scale
(Wilson and Haines, 1997)
Level of Participation
(Aldrich et. al, 1995)
Platform 
Petrobras 10
Platform 
Petrobras 23
SCALE 8 
•  USER MANIPULATION
Not
Applicable
No No
SCALE 7 
•  USER THERAPY
Not
Applicable
No No
SCALE 6
Level 1
Information from the 
management to workers on 
plan of actions
Yes No
•  EMPLOYEE 
INFORMATION Level 2
Gathering information and 
experience from workers
No Yes
SCALES 
•  EMPLOYEE 
CONSULTATION
Level 3
Consultation where workers 
can make suggestions
No Yes
SCALE 4 
•  EMPLOYEE PLACATING
Level 3
Consultation (in this case) 
for making the workers stop 
complaining about work 
conditions
No Yes
SCALE3
Level 4
Negotiations in formalised 
committees
No No
•  PARTNERSHIP Level 5
Joint decisions No No
SCALE 2
Level 4
Negotiations in formalised 
committees No No
•  DELEGATION Level 5
Joint decisions No No
SCALE 1 
•  USER CONTROL
Not
Applicable
No No
Table 7.1 Participation taxonomy and outcomes in the context studied
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7.1.2 Analysis of the outcomes from the attitude assessment
Based on the appreciation of the scales of Questionnaire III, some questions 
were posed in order to undertake the present analysis. With respect to the naturalistic 
approach for attitude assessment, descriptions and explanations in the human sciences 
may regard other standards of precision than the numerical, and make use of 
explanatory modes, other than the reference to theoretical entities grounded in 
unobservable causal processes.
Therefore, consideration was given to the contribution from informal 
discussion on the verbalisations of the subjects involved in the present study, common 
to many fields of intellectual inquiry (Simon, 1973).
The dimension ‘intention' {Questionnaire HI, Questions 1 to 4) was highly 
scored by the individuals within both platforms in the study. In addition, their concern 
about dealing with a modified workstation, which included a set of new technical 
resources was revealed during the interviews. The groups slightly disagreed when 
intention to work with confidence and cautiously was confronted with the effects of 
participation.
It was observed that the neutral score for the participation influence on the 
intention to work with confidence {Question 3) within the platform Petrobras-23 
(mean value .37±2.26) was counter-balanced with positive scores shown by the modal 
value (3.0). Conversely, the scores within the platform Petrobras-10 were 
predominantly negative towards the participation effects on intention to work with 
confidence, but extreme values in the scale reported by some subjects resulted in a 
higher mean value to the sub-scale (mean 1.14±1.57).
The confidence to work among the subjects in the present study cannot be seen 
as a result of participation. It seems that they have a personal commitment to do their 
jobs independently of their level of participation. The drillers strove during the 
engineering intervention to do their best in order to keep their self-esteem. According 
to Barber (1983), personal positioning always takes place within the context of a 
specific moral order. The intentional positioning by the individual regarding a specific 
situation can be understood as a product of interactions according to the context in 
which they occur and in which they perform social actions (Langenhove, 1998).
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The dimension of overall 'attitude*(Questionnaire III, Question 5) was 
expressed by the subjects’ expectations to work with confidence in the re-designed 
workstation (platforms Petrobras-10 and Petrobras-23). Their attitude score to this 
dimension was slightly positive (mean values .86+1.10 and 1.5±2.0, respectively). It 
should be noted that the variance among the subjects’ scores within the platform 
Petrobras-10 for the dimension of overall ‘attitude' was higher than the scores given 
by the subjects within the platform Petrobras-23 (S= 4.0 and S= 1.14, respectively).
The higher dispersion in the responses given by the subjects within the platform 
Petrobras-23, when compared to the more consistent scores among those within the 
platform Petrobras-10, may reflect a coherent cognitive or affective reaction to the 
engineering problems encountered by drillers within the platform Petrobras-23 while 
undertaking the installation of the new driller’s workstation on the oil rig.
It can be seen from these results that attitudes associated with participation in 
the re-design effort gave more importance to participate among those within the 
platform Petrobras-23 (see Questionnaire III, Question 5). Attitudes indicating a 
better psychological experience of influence and perceptions were found among the 
drillers who participated in early stages of the design intervention within the platform 
Petrobras-23, in comparison to the attitudes among those participants within the 
platform Petrobras-10. Drawing on the results of the two groups, it does seem as if 
attitude was significantly influenced through its affective component. Also, it seems 
that the overall stability in the pattern of responses was vulnerable to stressful 
situations encountered in the design intervention.
The ‘subjective norm' {Questionnaire HI, Questions 6 to 7) was the third 
dimension investigated, by contemplating the assessment on the individuals’ previous 
experience in the job and their participation. Based on these factors, the individuals in 
both groups (platforms Petrobras-10 and Petrobras-23) indicated that they were 
expected by others, such as other drillers and supervisors {Question 6), to work with 
confidence in the new work situation (mean values 1.85±1.21 and 1.5±1.31, 
respectively). Additionally, the individuals expressed greater expectations towards 
their own performance and confidence to work in the new workstation {Question 7) 
based on their past job experience (mean values 2.5±,53 and 2.14+1.69, respectively). 
The individuals were motivated to achieve positive outcomes given the value and
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significance attached to their membership in an occupational or social group. This 
aspect has been object of study in the organisational behaviour and attitude theory 
literature (see Tajfel, 1978, Fishbein, 1965 for further discussions)
It can be seen that the subjects’ scores regarding the subjective norm 
dimension, in which the opinion from important others and participation effects were 
assessed, presented a similar pattern in both platforms. Accordingly, the subjects 
tended to be more positive towards the expectations of other important referents, 
based on their job experiences, and to show a neutral opinion concerning the 
expectations from important others on their “reliable work” due to participation in the 
design intervention.
The dimension "expected utility" {Questionnaire HI, Questions 8 to 12) 
contemplated 5 sub-scales, which addressed participation’s effect on performance, 
safety, comfort, trust, and satisfaction. Both groups rated this effect in a neutral set of 
scores for all sub-scales, except the comfort and satisfaction sub-scales that were 
slightly positive among the drillers within the platform Petrobras-23.
The first sub-scale examined the individuals’ views about the degree to which 
participation could provide advantages for them to perform their work better. The 
individuals among those working within the platform Petrobras-23 rated this factor 
more consistently (min-max scores -2.0 and +2.0, mean value .57+1.62, and variance 
S= 2.16). In contrast, those individuals within the platform Petrobras-10 showed a 
higher dispersion in their pattern of response (min-max scores -3.0 and +2.0, mean 
value .125+2.03, and variance S= 4.12). With respect to the expected utility in 
participating in improvements for safety in their workplace, the scores within the 
platform Petrobras-23 were dispersed: min-max -3.0 and +3.0, mean value .25+2.12, 
while the subjects within the platform Petrobras-10 scored this sub-scale similarly: min- 
max -2.0 and +2.0, mean value .86±1.86.
For both groups, the expectations of an increase in trust in the system due to 
participation {Questionnaire III, Question 10) indicated that the subjects were more 
conservative in this respect. Trust in the new system as an advantage in participating 
in the design modifications in the workplace was perceived by the subjects as neutral. 
They revealed that the opportunities for participation were limited and that there was a 
lack of information in the design decisions taken. Information contributes to the
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predictability of attitudes of others involved in close relationships, what contributes to 
trust (Barber, 1983; Rundmo, 1992a, Bravo, 1993). Thus, their expectations vis-à-vis 
the opportunities for participation given by the management, in fact, did not provide a 
substantive effect on their expected utility.
The expected utility of increasing trust in the system design {Question 10) 
received low scores among subjects within the platforms Petrobras-10 and Petrobras- 
23 (.8711.86 and .2512.25, respectively). In order to achieve expected utility and to 
generate applicability for each possible manner to the operator’s interaction with the 
technical system, information about the system behaviour and trustworthiness is 
needed (Halpin, et al., 1973; Bainbridge, 1987; Muir, 1996).
For instance, accuracy seems closely related to (indeed, should even result 
from) the competence. Competence as a dimension of trust supports expectations of 
future performance, knowledge, or expertise from the object of interest (Barber, 1983; 
Muir, 1989; Lee, 1992). Thus, the results showed that the expectations held by the 
drillers towards future technical performance and the accurate performance of drilling 
tasks did not provide trust to them.
Participation was seen as influential on initiatives for improvements in comfort 
in the workplace and increases in job satisfaction {Questionnaire HI, Questions 11 and 
12) among the subjects within the platform Petrobras-10. They scored the advantage 
in participating to improve comfort {Question 11) higher (mean value 1.57+2.14) than 
those individuals within the platform Petrobras-23 (mean value .5+1.92). However, 
there was a slight, but not substantial, difference in the variance between them (S=
4.62 and S= 3.71 respectively). It may be argued that the less favourable scores for
participation in design with respect to the expected utility {Questions 8 to 12) 
dimension might be explained by the actual opportunities the drillers had to influence 
the design interventions. The subjects were concerned about receiving more 
information about the workstation, and in particular about operating modes.
Analyses of the results from the 6 sub-scales contemplated in the dimension 
'referents' {Questionnaire III, Questions 13 to 18) were performed. They included 
the feedback received from important others on the oil rig and in the company. The 
differences between the groups working within each platform revealed some relevant 
outcomes. The individuals within the platform Petrobras-23 classified negatively the
207
Participation. Attitudes, and the Design of Technical Systems Chapter 7
interaction with important others (drillers and supervisors) and their feedback on 
performance of their pioneering role within the company and the lack of interaction 
with others during the phase of design, construction and commissioning of the driller’s 
workstation.
Similarly, the individuals within the platform Petrobras-10 underscored their 
response to the interaction with important others (drillers and supervisors), who could 
give positive references about many design aspects of the workstation. Some of them 
gave opinions in a more favourable level, since they had the opportunity to get some 
feedback from their colleagues within the platform Petrobras-23.
It may be argued that these negative scores regarding the dimension referents 
{Questions 13 to 18) can impact the individuals’ attitude towards the technical system. 
The participation’s effects on their attitudes may reinforce the influence of the 
individuals’ intentions when they believe that important members of their work (e.g. 
manager, supervisor, crew members) think they should interact efficiently with the new 
technical system. As these interactions in the design intervention studied were poor, 
the individual and organisational responses to participation reduced the possibility of 
verifying the dynamics of the interrelationship, possible to occur between participation 
and its attitudinal outcomes.
Expected outcomes influence the environmental context and the structural 
nature of the design process as much as participation may determine individual or 
organisational outcomes. The mutual understanding through participation is developed 
to the point that trust is established. According to Kramer (1993) a certain form of 
referent-based trust is linked with group membership and develops as individuals 
identify with goals supported by particular groups and organisations.
The drillers expressed their concern about the lack of exchange of information. 
Some of them reported informal attempts to collect personal opinions from other 
drillers during the development of the project. In fact, these initiatives represented 
efforts of self-interested individuals to achieve optimum outcomes in future interaction 
with the technical system. The referents’ feedback about the qualities of the technical 
system was important, since people take a long-term outlook when deciding between 
personal preferences and an object’s attributes to confer trust. Those who are 
involved in participatory initiatives should posses the ability to leave traditional
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thinking behind and mix their functional loyalties with others in the engineering project. 
Most professionals have attitudes supported by beliefs that condition their outlook for 
sharing ideas, design engineers in particular have this tendency and it may be seen as a 
challenge to their traditional assumptions and ways of working.
The results showed that the salient beliefs {Questions 19 and 20) in both 
groups did not provide a favourable opinion about involvement in design to improve 
performance, nor to the contribution of participation to work with confidence. The 
subjects within the platform Petrobras-23 reported a slightly more positive pattern of 
response when compared to the subjects within the platform Petrobras-10. This 
pattern of response, despite significant dispersion, provided a picture of how the 
subjects, in both groups, were neutral in terms of satisfaction towards their 
participation and involvement in the design of their new workstations. Participation 
might be moderately relevant, but the subjects’ attitudes were not based on a set of 
evaluative beliefs.
Although the variances for salient beliefs were S= 3.0 (platform Petrobras-10) 
and S = 4.7 (platform Petrobras-23) {Question 19), they indicated a slight dispersion
among the respondents in both groups. Additionally, the individuals in both oil 
platforms scored as slightly possible that the likelihood of their involvement in the re­
design of the new driller’s workstation could help the overall performance on the oil 
rig {Question 20). Thus, it can be seen that their evaluation on each of these 
consequences (i.e. from participation and involvement) the elicitation of their attitudes 
could be translated as neutral. The dimension "Expected results' {Questions 21 and 
22) was aimed at the elicitation of expectations held by the subjects. The results were 
positive, but close to a neutral point on the scale in both platforms.
The dimension "Normative beliefs' {Questions 23 and 24) addressed the 
influential aspects of moral obligation originated from the commitment to the 
organisation and the individuals’ view of past experience in the job. The scores 
reported by the subjects in both platforms were positive for the two sub-scales. It 
provided evidence of substantial insight into their expectations towards normative 
beliefs within the organisation. Indeed, comparing the responses given during personal 
interviews and the job length within the companies, the drillers presumably attached an 
affective relationship and feeling of moral obligation in their work.
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The dimension 'motivation to comply' {Questionnaire III, Questions 25 Xo 27) 
addressed the individuals’ expectation of fiduciary responsibility and moral obligation 
(Barber, 1983) to commit themselves to perform the behaviour of concern (Fishbein 
and Ajzen, 1975). Also, this ‘compliance’ might be driven by the expectations of 
rewarding outcomes from attitudes and behaviour consonant to the judgement from 
referents.
The dimension ‘motivation to comply’ expressed by the subjects in both 
platforms highlighted a positive attitude towards their co-workers and management 
expectations. They reinforced this intention when they expressed their predisposition 
to keep up their performance even though they were not involved in the design 
intervention. This might be attributed to social pressure perceived by the individual.
The small differences between the scores given to satisfaction with 
participation by the participants in the intervention three months after the design 
modifications were introduced, suggest that the effects of participation, if any, were 
not immediately manifested. The finding that the modifications had little impact on 
attitudes after three months was not surprising, given that the full return to the drilling 
activities was not achieved in both platforms within the study period. The 
confrontation of outcomes concerning the structure of the individuals’ scores, 
indicated that there was an agreement among the workers with respect to their low 
involvement in participatory initiatives within the organisation studied.
Every response that people have, regardless of their competence, skills and 
ability to express accurately their thoughts and feelings, begins with an extremely 
simple evaluation of whether the people, places, or objects are likeable or not likeable, 
worthy of approach or something to avoid (Eagly and Chaiken, 1993).
When people are asked to make judgements by using a set of descriptive 
attributes of the object or situation, the most reliable groupings of attributes which 
qualify the object or situation is related to valence: positive or negative, bad or good. 
Indeed, many studies in human behaviour (Ajzen and Fishbein, 1980; Barber, 1983; 
Kahneman el ah, 1998) repeatedly assert that people typically base their attitudinal 
judgements on a set of beliefs that are salient or accessible according to the context 
studied, generally a small set of beliefs. Table 7.2 and Table 7.3 below summarise 
these data interpretations based on the results from Chapter 6 and Appendix IV.
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COMPARISON OF ATTITUDE STUDY OUTCOMES (Part I)
°— neutral________________  Study Outcome (Group)
DIMENSION SUB-SCALE
PLATFORM 
P-10 P-23
•  INTENTION
Work with confidence in the new 
workstation
------(+)
-------------------- (+)
Work cautiously in the new 
workstation
------(+)
-------------------- (+)
Confidence to work as a result o f 
participation ------(+)
Work cautiously due to reduced 
participation ------(+)
•  ATTITUDE Attitude*(onlyonescale)
-------------------- (+)
•  SUBJECTIVE NORM
Participation and opinion of 
important others
------(+)
-------------------- (+)
Job experience and important others 
opinion
------(+)
-------------------- (+)
•  EXPECTED UTILITY
Participation and better performance
Participation and safety 
improvement O
Participation and trust in system 
design
--------------°
Participation and comfort 
improvement -------------------- (+)
Participation and increase in work 
satisfaction -------------------- (+)
•  REFERENTS
Drillers positive reference about 
performance -------------------- (-)
Drillers positive reference about 
system’s reliability -------------------- (-)
Drillers positive reference about 
satisfaction -------------------- (-)
Supervisors’ positive reference 
about performance -------------------- (-)
Supervisors’ positive reference 
about system’s reliability -------------------- (-)
Supervisors’ positive reference 
about satisfaction -------------------- (+)
•  BELIEFS
Confidence to work due to 
participation -------------------- (-)
Involvement in design and 
performance
— (+) 
-------------------- (+)
•  EXPECTED RESULTS
To maintain performance based on 
past experience -------------------- (+)
To maintain performance even 
without participation -------------------- (+)
Table 7.2 Comparison of attitudes outcomes in the context studied
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It seems plausible to think that in real settings the consistency of individuals’ 
attitudes exists if the objects, situations, or environments are identified as good or bad, 
and consequently seen as truly possessing desirable characteristics. Once made, this 
evaluation can influence the final valence given in the judgement process.
The valence expressed for each dimension in Table 7.2 and Table 7.3 
represents the amalgamation of the scores given and the feedback provided by the 
subjects during the verbalisations. For positive scores near zero on the scale, that is, 
close to neutrality, any information given during the interviews was taken into 
consideration to that specific dimension. This criteria permitted to ‘filter’ some 
individual scores providing a speculative, but more balanced interpretation of the 
scores given.
As shown in Table 7.2 the dimension expected utility had a neutral scores in 
both groups of individuals. In addition, the lack of information in the engineering 
design intervention in both platforms was represented by the negative pattern of scores 
to the dimension referents. However, the outcomes of the study provided an overall 
positive attitude based on these scores towards the design intervention as shown in 
Table 7.2 and Table 7.3. The comparison highlights the importance of the extent to 
which the individuals form their attitudes by taking the attributes of the situation, 
objects of concern and organisational factors into account.
COMPARISON OF ATTITUDE STUDY OUTCOMES (Part II)
°— neutral_________________  Study Outcome (Group)
DIMENSION SUB-SCALE
PLATFORM 
P-10 P-23
•  NORMATIVE BELIEF
To maintain performance due to 
past experience
------(+)
--------------------- (+)
To maintain performance and 
supervisors and managers’ opinions
------(+)
--------------------- (+)
•  MOTIVATION TO COMPLY
Desire to maintain performance due 
to management expectations
------(+)
---------------------- (+)
Desire to maintain performance due 
to co-workers expectations
------ (+)
---------------------- (+)
Desire to maintain performance 
even without participation
------ (+)
---------------------- (+)
Table 7.3 Comparison of attitudes outcomes in the context studied
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In fact, the expectancy for good results of the engineering design intervention, 
independent of their participation, might be driven by beliefs explained by the 
expectancy-value models (e.g. Vroom, 1964). It should be noted that the 
representation of attitudes scores through its valence, includes some introspection and 
association with the feedback provided by the subjects.
Taken as a whole, the results from the individuals scores provide a rich 
interpretation that can be extracted in many ways by properly accounting for the 
structure of data collected through a naturalistic approach, in which differences 
between responses made individually and as a group include subjective data and 
verbalisations.
7.1.3 Discussion: The drillers verbalisation on their satisfaction and attitudes
Reporting is an exercise that cannot be reduced to simply re-presenting the 
views of the interviewees, accompanied by the researcher’s point of view (Eco, 1990; 
Eisner, 1993). What is worth communicating to others from the wealth of interviews 
and conversations has to be conveyed in a reduced manner; as a summary of the end- 
product of a long process (Fetterman, 1989; Kvale, 1994).
When exploring the feedback from drillers, the general impression from it is 
that participation was referred to in positive, but in non-committing terms throughout 
the project. The drillers in both oil rigs varied in their perceived involvement in the 
platforms upgrade. They claimed that there could be different priorities for each 
project in terms of ergonomic improvements and the acceptance of workers’ 
suggestions.
Performing a preliminary analysis of these priorities, when undertaking the 
second data collection in both platforms, through a comparison of managerial styles, 
this variation could be related both to the company engineering design management 
practices and/or oil rig management support and commitment to workers’ 
participation.
During the interviews, some subjects in both platforms, emphatically 
complained about the way that the design intervention was carried out. They also
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claimed that one of the most frustrating things about being an operator is the way 
projects are manipulated by those who in the end will not operate the technical system.
Within the platform Petrobras-10 particularly, they claimed a passive role in the 
design intervention. Most of the time they could only see things happening without an 
opportunity to influence in the design solution. This reflects the attitude of the 
management towards the engineering design process, by not promoting the active 
involvement of the workers in the design process.
As mentioned above, many drillers perceived participation as something new in 
the projects, which may indicate a higher awareness of ergonomic aspects than before. 
Other drillers commented that the perceived low participation in the projects, as an 
indication of a relatively low priority for the workers with respect to human factors 
aspects.
7.1.4 Confrontation of the individuals vs. groups outcomes
The amalgamation of the scores given and the feedback from the subjects’ 
verbalisations (Appendix IV.A. 3 and Appendix IV.B.3) during the walk-through 
provided an additional manner to confront the individual vs. groups outcomes. The 
descriptive attributes of the object or situation were confronted in terms of valence for 
each individual’s statement. This criteria was similarly applied in section 7.1.2.
The statements from each individual concerning the dimensions contemplated 
in the Questionnaire II  and Questionnaire III, which served as a guide to the 
interviewer for informal conversation.
In addition to identifying characteristics of a participatoiy design intervention, 
the subjects expressed concern about the managerial approach to user’s involvement in 
the workplace improvements. There is an inconsistent endorsement to the design 
approach adopted in each oil rig. This point includes several strands of concern, 
ranging from fears and insecurities about working with computer-based drilling 
systems to organisational concerns about how the modifications might be implemented. 
The confrontation of individual vs. group outcomes showed negative drillers’ attitudes 
(distrust, fear, dissatisfaction) often based on lack of involvement in the design
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intervention. Most of the drillers did not talk in a restrained manner. The prevalent 
feeling was that both groups of individuals were dissatisfied with the opportunity given 
for participation. The outcomes are summarised in Appendix IV.A. 1, Appendix IV.A.2, 
Appendix IV.B.I and Appendix IV.B.2. The relationship between questions posed to, 
and interpretations of interview statements may provide an helpful insight.
7.1.5 Confrontation of the outcomes of the study and the proposed new 
model
The theoretical issues with respect to the interactions generating expectations 
towards the technical system included in the present new model are supported by the 
Muir’s work (Muir, 1994). The assumptions of operator-technical system 
relationships regarded in the present study and included in the new model were already 
investigated through the experimental studies of trust developed by Muir (1996).
These assumptions contemplate a set of beliefs acquired by the drillers through 
their participation in the design of their workstation, such as technical competence, 
dependability, predictability, persistence, fiduciary responsibility, and at the end, faith 
in the system designed. Nevertheless, some inferences may be established according to 
the assumptions of the present new model based on the outcomes of the field study.
For instance, the construct investigated in the Questionnaire II defines 
satisfaction with participation in design as the intensity in which the individuals feel 
that their participation and involvement in design decisions in their workplace fit their 
needs and desires in order to achieve intrinsic satisfaction.
The drillers expressed equal desire for participation {Questionnaire II, scale 1 ) 
and intrinsic motivation to participate in design decisions {Questionnaire II, scale 2) in 
both platforms.
Despite the low level satisfaction with participation shown by the individuals in 
both platforms, the results highlighted a strong beliefs of moral obligation and fiduciary 
responsibility to commit themselves in the interactions with the new workstation. In 
this case, the expectations did not concern about the object or system itself, but to the 
individual’s responsibilities. Table 7.4 summarises the results with respect to the new 
model.
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Confrontation of the new model’s assumptions, hypotheses and study outcomes
Elements of 
the New Model
New Model’s 
Assumptions
Related
Hypotheses
Outcomes
T r u s t
Set of expectations held 
by the individuals 
toward the technical 
system
Satisfaction level and trust 
may be higher among 
individuals with more 
perceived participation 
(Hypothesis 3)
The expectations toward the 
new system were based on 
the individual self- 
confidence in their skills to 
operate traditional drilling 
systems (Table 5.4-A and 
Table 5.4-B)
A t t i t u d e s
Individual’s attitude to 
act toward the technical 
systems
Attitudes toward the new 
design may elicit positive 
behaviours among 
individuals with more 
perceived participation in 
the new workstation design 
(Hypothesis 1)
The scores to attitude 
(Question 5) were greater 
among the drillers within 
platform where previous 
consultation was undertaken.
I n t e n t i o n
Intentions of the 
individual to behave 
with respect to system 
or object of concern
Participation may influence 
individuals’ intentions to 
behave toward the new 
workstation design.
(Hypothesis 2)
The intentions toward the 
new system were based on 
the individual fiduciary 
responsibility and self- 
confidence in their skills. 
(Table 6.3-A and Table 6.3- 
B)
B e h a v i o u r
Behaviour toward the 
technical system as 
result of participation
Participation may influence 
individuals’ intentions to 
behave toward the new 
workstation design.
(Hypothesis 2)
The elicitation of salient 
beliefs showed a neutral 
effect from participation 
(Table 6.3-G and Table 6.3- 
H)
D e s i g n
p r o c e s s
Participatoiy design 
process and influence 
on attitudes
(Hypothesis 1) 
(Hypothesis 2) 
(Hypothesis 3)
Design approaches reduce 
the opportunities for 
participation (Appendix I)
P a r t i c i p a t i o n
I N F L U E N C E
Participation is an 
external variable 
influencing attitudes
(Hypothesis 1) 
(Hypothesis 2) 
(Hypothesis 3)
Measures of satisfaction with 
participation and attitudes 
did not capture its effects
O b j e c t  o r
S Y S T E M
Complexity of the 
systems demands trust 
in the system design
Not applicable
See work analysis and design 
attributes assessment 
Chapter 3, Chapter 9 and 
Chapter 10
S y s t e m  o r
O B J E C T
A T T R I B U T E S
E V A L U A T I O N
The subjective design 
preferences underlie the 
user’s needs Not applicable
Safety is one of the main 
underlying design attributes 
(See design attributes 
assessment Chapter 9 and 
Chapter 10)
Table 7.4 Confrontation of the new model’s assumptions, hypotheses and study outcomes
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7.2. Summary discussion: Conversation about conversations
The moderation of the observed scores regarding satisfaction with participation 
and attitudes towards the new workplace disappeared when the interviews with the 
drillers moved from the individual to the organisational level. This observation is 
rooted in the theoretical justifications as reviewed by Ostroff (1992). These 
justifications suggest that satisfied workers will be more likely to engage in 
collaborative efforts and accept organisational goals, whereas dissatisfied workers may 
fail to work collaboratively or may collaborate such their efforts are diverted from 
achieving organisational goals.
According to the results, the subjects’ experience in their jobs and also their 
experience in working in the same offshore platform gave to them the ability to solve 
day-to-day problems in their workplace. The qualitative interviews grounded in a 
naturalistic approach gave voice to their understanding of an interpersonally negotiated 
social world (Kvale, 1990). They also were entitled to posses the ability to perceive 
and to adapt to the new situations having the past experience as a reference. This 
ability allows them to improve continuously their skills and overcome changes in work 
demands.
This experience acquired in terms cognitive and behavioural entitle them to be 
proactive in their role as members of the work process. The individual’s cognitive 
experience may be acquired through the interactions with the work and its environment 
which includes technological, organisational, and individual aspects (Sears and Auld, 
1976).
Today, becoming competent in an occupation does not suffice: individuals must 
also be capable of adapting to endless modifications and evolving process that never 
cease to change the work conditions under what they do their jobs. Training and 
repeated exposition to the same work conditions, and the observation of events in the 
workplace consolidate this experiential process (Gaddy and Wachtel, 1992). The 
experience accumulated on a long term basis is an essential cognitive resource to cope 
with large number of situations that the user have previously encountered in the work. 
Thus, the various work situations experienced by individuals provide means to use the
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gradually accumulated experience and to apply it to solve problems and to provide 
solutions to work effectively.
From the drillers’ point of view , the participatory approach in their platforms 
not been accomplished much in terms of what they really needed. As the drillers 
consistently verbalised, the changes introduced in their oil rigs, including their own 
workstation, were characterised, predominantly, by a technological motivation. The 
drillers within the platform Petrobras-23 claimed that the modifications introduced had 
fulfilled part of their expectations, whereas the drillers within the platform Petrobras- 
10 were more ‘surprised’ with the degree of the modifications in their workstation.
The organisational culture and functional structures for the engineering design 
intervention within the oil company involved in this study promoted, in some instances, 
the autonomy of different parts of the upgrade team, rather than helping them to work 
together. There is an in-house engineering division and some engineering design 
activities are concurrently developed by other divisions and departments as the 
contextual aspects discussed in Chapter 3. Also, engineering contractors participate 
in embodiment design phase (e.g. testing and development, safety and fabrication) and 
detail design phase (e.g. components and assembly, and commissioning). It therefore 
strengths the barriers that reduce the degree of participation and responsiveness to 
design demands within the company.
The drillers claimed that a key form of participation would be through the 
platform’s managers, that was the position responsible for listening, supporting and 
representing the drilling crew in the design decisions promoted within the company. 
This claim is addressed by studies, which have considered the issues concerning the 
workers’ trust in management (Buchanan and Boddy, 1992, Hecksher, 1995) and that 
trust is inherent of collective units (Barber, 1983). This emphasise the attitude of the 
corporate strategies for the engineering design management, which confer to the 
manager the power for making decisions not always is based on the balanced 
integration of all factors involved.
There were substantial dissatisfactions with the overall results of the design 
intervention not exclusively with the driller’s workstation, but with the upgrade as 
whole. The comparison of attitudes towards the management between the first and 
second data collection reflected this. The attitudes towards the management were
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positive during the first data collection. However, at the second cycle of formal 
interviews, as the changes in the working conditions were no longer novel, the 
attitudes might have been set at a higher level. Despite the previous positive attitude, 
they did not see their demands satisfied. The drillers expected changes through a 
participating and continuing process, it might be almost as important as any result that 
could be produced through the design intervention.
One possible explanation for the change in satisfaction with the work 
conditions management between the first and the second data collection was that after 
living in the shipyard in the Netherlands many problems occurred upon the final return 
of the platform to a full operation.
The trustworthiness of the measures used in the present study was provided by 
the thick and detailed description of the factors multi-faceted in the context, in which 
the maximisation was attempted by the range of information purposively collected in 
the two groups involved. Nevertheless, from the qualitative perspective, the measures 
were capable of detecting substantial differences between the two groups. It seems, 
therefore, that the same research approach would be useful in future studies dealing 
with participatory design and attitudes.
Although the sample was probably representative of drillers working in 
platforms included in the present study, and reasonably like the population of the 
offshore semi-submersible oil rigs within the same oil company on several important 
demographic dimensions, it was not a probability sample of drillers in the offshore 
operations in Brazil. Consequently, inferences and generalisations to this larger 
population cannot be safely made (Bar-Hillel, 1998, Lincoln and Guba, 1985). Also, 
the low correlation observed seem to be attributable to the low degree of variability of 
scores on the participation levels and attitudes.
Despite the interviewees were assured that they were being anonymously 
interviewed and that the individual responses would be treated confidentially, they may 
have been reluctant to admit to having personally experienced a low level of 
involvement and participation, and so generating negative intentions and attitudes. 
Future research, therefore, should extend the present study’s findings using a larger 
sample. The expectation is that the present study will serve as an additional 
contribution to empirical and theoretical research on attitudes and participation in the
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design process. The findings may help those responsible for formulating and/or 
implementing project management initiatives for large made-to-order installations such 
as offshore drilling rigs. For example, engineering design managers could use these 
results to guide the formulation of project management; that is, the outcomes from 
satisfaction with participation in design process revealed by the study offer clues as to 
the types of engineering design management for which an participatory process may be 
most needed.
These results may also be useful to employers. Employers might carefully 
consider the fact that although the individuals in the present study seemed to have been 
more positive about their involvement and participation, this value should be 
considered in light of the fact that the normative beliefs and motivation to comply 
scores were high in the two platforms. There are obviously opportunities for 
improvements in this respect. It should be added that the formulation and 
implementation of participatory design approaches may serve to attenuate the 
consequences of technologies that would not fit the users. Thus, motivation and 
commitment might be reduced.
2 2 0
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CHAPTER 8
Conclusion: On Participation and Attitudes
JilTforone, one fo r ad.
{The three Musketeers by Alexandre Dumas Jr. 1824-1895; French novelist)
8.0 Introduction
Attitude interpretation involves the process of the ongoing construction of 
personal views in terms of beliefs that guides the individual’s action. In this regard, 
‘personal conversations’ might provide fragments of individual’s stories about personal 
values, beliefs, desires and social interaction. Past experiences in social and 
occupational settings, may be associated with the individual’s particular rights, duties, 
and obligations (Barber, 1983).
When the individuals say that they feel satisfied with something, this involves 
not only the skills necessary to express their feelings and to make judgement about 
themselves, but also to know when it is appropriate to express such feelings and to 
have an insight into what will happen when expressing it. This idea is in accordance to 
the Fishbein’s model of attitude to act (Fishbein, 1967, Fishbein and Ajzen, 1975).
According to this thinking Meister (1999) argues that it is likely that only 
skewed responses will be gathered from surveys assessing organisational issues when 
promoted by the management because workers fear reprisal if they express what they 
really think. The results of this study instil partially some aspects with respect to these 
thoughts.
The present investigation by focusing on the individuals’ participation in the 
design intervention and their corresponding attitudes to the product of management 
practices within the organisation provided skewed patterns of response.
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Despite some contradictions between the individual’s responses and their actual 
behaviour, it should not be surprising because the verbal responses were not obtained 
anonymously, and the behavioural responses were observed in everyday work situation 
in which the individuals might have to justify their actions or be influenced by pressures 
from referents in the organisation.
The workers in a participatory approach such as a work group or of a 
restricted technical community not only share knowledge and expertise, but also 
values, and an ethical point of view with regard to their work (Ruh et a i, 1975; 
Jackson, 1983). They develop common strategies, particularly defensive strategies 
(Dejours, 1993) in order to face up to the difficulties of their work and the fear that 
these difficulties may engender.
Thus, contradictions between the actual and reported behaviour, particularly 
when pressure to comply to organisational rules and management styles, may influence 
the individual to assume attitudes coherent to the situation involved. Most people 
intentionally or unintentionally accept that their beliefs about themselves and their 
environment are full of unresolved contradictions which one lives with.
In making choices between sometimes contradictory demands there is a 
complexity relating to attitudes (and the cultural, social, and organisational meanings 
that are attached to those attitudes), which have developed as a result of personal 
experiences and interactions with others in the work environment. The rational choice 
models in the literature (e.g. Vroom, 1964) advocate that people are motivated to 
maximise their personal gains and minimise their personal losses in social interactions 
(i.e. by self-interest) and may react to other individuals and organisations from a self- 
interested, instrumental perspective.
The organisational approach attempts to establish interpretations, and hence 
analyses of worker’s participation, towards aspects or factors of organisation. This 
has led a number of researchers and specialists in recent years to look for 
‘organisational factors’ and their impacts on important aspects of the organisation such 
as job attitudes (Scully and Kirkpatrick, 1995), productivity (Miller and Monge, 1986; 
Steiner, 1972), and safety (Llory, 1997).
A well constructed discussion, originally focused on improvements in health 
and safety, was proposed by Haines and Wilson (1998) on the expanding number of
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participatory initiatives towards ergonomics in the workplace. They provided a 
framework in which an organisation might develop participatory initiatives with respect 
to ergonomics issues. It should be noted in their framework, for instance, that size and 
culture of the organisation, besides the nature of the workplace problems encountered, 
are determinants to the criteria to be adopted for participation.
8.1 Perceived participation and attitudes
It has been shown that the drillers did not see their participation as influential 
on their intentions to work with confidence in the new work situation. Nevertheless, 
the drillers attempted to influence the design decisions by bringing to the situation 
those who were in a position of being able to intervene positively in their affairs such 
as design engineers, platform’s manager, drilling engineers and supervisors.
The main tactics by which they attempted to involve these considered 
important referents within the organisation was that of the need for design 
modifications. The drillers elaborated, spontaneously and quite unconsciously, a 
flexible problem solving strategy to the immediate design problems. They engaged in 
the identification of design constraints in the prospective work in their new 
workstations. The trust that unfolded from the engineering design interventions in the 
present study may be described as a unique form of collective perception. This 
perception was associated with to the need for the individuals’ management of the 
issues related to expectations toward the design of their own workplace.
In the context of this study it was found that workers, who participated directly 
in the ergonomic design intervention showed more trust and self-confidence, and 
conferred more importance to autonomy to tackle problems existing in their workplace 
when compared to those who had indirect involvement. This is in accordance with the 
findings of Mambrey e/ a/. (1987), who advocate that individuals involved in direct 
participation initiatives demonstrate self-confidence, trust, motivation and more 
autonomy than those not engaged or indirectly involved.
From the ergonomics point of view, the engineering design intervention to be 
considered successful had to emphasise on the strength of organisational and cultural
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values. The design management approach for each project showed the persistency of 
certain attitudes which impede a modernisation of managerial behaviour to facilitate 
the full participation of users in the design decisions. According to the taxonomy of 
dimensions of participatory ergonomics proposed by Wilson and Haines (1997), the 
observed outcomes from the investigation carried out in the present study may be 
summarised as showed in Table 8.1
Dimension Participatory 
structure within 
the platforms studied
Observed outcomes
Level
Focus
Micro
Workplace
The objective was to implement design 
modifications in the platform.
The modifications were intended to a specific 
workstation
Purpose
Continuity
Design
Discrete
Implementation of changes in the drilling 
working system and workstation
The process assumed a discrete timeline, 
according to the needs for the platforms upgrade
• Involvement
Coupling
Requirement
Partial direct
Remote
Compulsory
The drillers participated in different management 
criteria, with formal and informal involvement, 
according to the needs to the project.
The participants contributions for the design 
intervention were translated into the engineering 
decisions made by the management.
The drillers gave their contributions toward 
prospective improvement in the workstation as a 
compulsory part of their duties of their jobs and 
roles within the organisation
Table 8.1 Scaling of participatory structure in the design intervention of two platforms
Perhaps the most common way of interpreting situations as addressed in the 
present study is to argue that the drillers, in acting as they did, were simply trying to 
optimise their expected utility from the design intervention. Some traditional patterns
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of the drilling operation in the driller’s cabin were frequently advocated to be 
maintained. It may be argued that if they did not try to subtly influence the ergonomic 
design outcomes, the less skilled drillers, or those who have reduced knowledge of 
computing, for instance, would be at a disadvantage and under a perceived threat of 
being transferred to another conventional oil rig.
This problem of redundancy and obsolescence (Shearer and Steger, 1975) has 
been a potential threat to them. The reduced number of conventional oil rigs imposes 
to the drillers the need to “fit” to the modem oil rigs available within the company. If 
not, the alternative option to them is to be engaged in onshore operations, which 
includes economic loss to the drillers due to possible reduction in wages.
The manner in which some subjects formed their attitudes through a direct 
participation in design decisions, while other drillers had a indirect experience by only 
allowing them to participate in final stages of the design intervention, served as a 
feasible condition for measurement of their attitudes. Fazio and Zanna, (1981) found 
similar results for attitudes correlation based in behavioural experience with the 
attitude object rather than for attitudes not based on such experience.
The drillers’ attitudes towards safety issues and operating requirements gave 
raise to concern related to training. They claimed for suitable training for the new 
system, even they supporting that their past experience gave to them confidence to 
operate in the new workstation, just because the responsibility to perform the drilling 
activities requires an increased trust in the new workstation.
As trust refers to the beliefs that people maintain about future behaviour of the 
other party (Duck, 1994), is licit to sustain that training had been claimed by the 
drillers in order to improve their confidence in the new technical system. This image of 
trust accords with the way it has been referred in the literature: trust is seen s a 
composite of subjective evaluation of future consequences of future interactions, as 
conceived by Muir (1989) as trust in the machine.
Another illustration of their attitude, with respect to the context towards the 
workforce management, might be explained by the changes promoted within the oil 
company studied. The human resources management proposed changes in the job 
description and the classification of the company’s personnel for drilling work. The 
drillers and other jobs were include in a standard nomenclature as ‘E&P operator’.
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This aspect brought concern about polyvalent-operator and possibilities of other 
workers more skilled in computing to be trained to work in activities as drillers in the 
prospective new oil rigs to come in the future (Boyadjieff, 1992; Storey, 1994).
8.2 Participation, attitudes and technological changes
Explanations of the drillers’ attitudes would seem to lie in the fact that some 
technological and organisational changes to promote efficiency have consequences 
other than logical ones, and these unforeseen consequences tend to defeat the logical 
purposes of these initiatives.
Considering these possible non-logical consequences, the first concern is 
related to technical innovations. As the driller’s job is changed, his position in the 
working process, his traditions (Reinhold and Close, 1995) and, ultimately the social 
codes which regulate the relations to other people may also be affected in the 
organisation.
Secondly, the drillers must frequently accommodate themselves to changes 
which they do not initiate. Many systems introduced to improve the driller efficiency 
and to control their behaviour do not take into account their personal feelings. 
Because their position in the company structure, as a supervisor in a well-stratified 
organisation, they cannot hold to the same degree of feelings of those who are 
promoting the changes in the workplace (Grossbart and Amedeo, 1979).
The peculiarities of context studied concerning the structure of organisational 
environment, indicated that there were fertile conditions for the workers get involved 
in participatory initiatives within organisation studied. However, the outcomes of the 
study demonstrated some scepticism towards satisfaction with participation in the 
design intervention.
The structural and environmental elements proposed by Neuman (1989) may 
provided some explanations of why the individual expressed subtlety concern regarding 
the opportunities to their participation, as shown in Table 8.2 below.
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Structural and environmental constraints for participation in the platforms
• Structural
- The organisation is suited to participation, but there is a cultural heritage
of hierarchical structure, where the position is more important than the
person
Claims by the individuals involved in the study :
■ Centralisation of the decisions: The organisation studied is part of the 
government, which is part of the economic and political system; being part 
of a former state run oil monopoly still in transition;
■ Formal participative schemes: Organisation leader’s strategies for 
participatory initiatives are conditioned by economical, social and political 
factors that originate internally and externally to the organisation;
■ Training programmes for support users of new systems are emphasised 
mainly for technical aspects. There is no focus on changing in operators’ 
behaviour to deal with technology, and job designs. Need for reduction of 
operator’s obsolescence concerning new technology and explanation on the 
engineering design intervention’s value to the organisation;
■ Employee’s recognition for contributions to the organisation through 
rewards systems to contribute to individual satisfaction, self-esteem and 
social well being.
• Relational
- Policy for industrial relations management
Claims by the individuals involved in the study :
■ Despite modem policies for business and personal management, the 
workers have reduced flexibility in their jobs and autonomy to make 
decisions concerning their workplace;
■ Low individualism for decision-making management due to the government 
control of organisation’s decisions, resulting a strictly hierarchical 
structure and conflicts management,
■ Long last and continuous dispute between trade union and management 
concerning economic and work conditions aspects
• Societal
- Defiance of set of organisational beliefs
■ The workers adopts personal strategies for keeping apart of controversial 
disputes and workplace negotiations to avoid conflict with the management 
and team workers
■ Organisational culture within a state-owned oil company
Table 8.2 Structural and environmental constraints for participation in the context 
studied
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In summary, technological changes through engineering design may be related 
to the worker in two ways. First, it is related to the worker indirectly through the job 
the worker is assigned to perform. The indirect effects of technical innovation must be 
assessed not only in terms of physical efforts and work’s rhythms but also in terms of 
their social consequences for the worker as a member of a social organisation. 
Secondly, technological changes is related to the worker directly through activities for 
work optimisation such as new routines, procedures and training for acquisition of 
standardised skills (Hendrick, 1986; Langdon, 1995, Mumford, 1983; Storey, 1994). 
The consequences of these activities must be assessed not only in terms of their logical 
objectives, but their effects upon the workers’ attitudes and the underlying beliefs, 
personal values, desires and social interaction.
8.3 Concluding summary
Any reality apprehended by humans must be tainted by subjectivity (Meister, 
1999). In general, there are few questions about facts, particularly when collected in 
naturalistic settings, but there may be many about conclusions. To answer these 
questions explanations on subjectivity should be organised. In attitude assessment it is 
tacit that subjectivity contaminates the individuals’ responses. By utilising subjects 
who were involved in the context under study, based on their knowledge and past 
experience, certain constructs could be assumed to represent reality. However, that 
reality might be recreated or translated in a different view of the real world. From the 
results (through facts) of the present study, the assessment of participation effects on 
attitudes suggested that the operational environment is designed to take into account 
technology rather the individuals’ needs.
As a conclusion, participation in the context investigated did not influence the 
individuals’ attitude, at least in a positive sense. The management criteria adopted in 
both oil rigs to involve the drillers did not enable the individuals to react positively as 
expected through participatory initiatives. The reduced opportunity to influence the 
design of the workplace leaded the individuals to adopt defensive attitudes. The drillers 
tried to interrelate with each other in order to achieve viable solutions to their work 
environment. This continuous interrelating kept the issue of trust salient throughout 
both engineering design interventions.
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It should be observed that the degree of participation in both platforms studied, 
was positioned in lower levels, according to the existing taxonomy for participation.. 
As showed in Chapter 7 (Table 7.1), participation may be positioned in scale 6, 
following the scale proposed by Wilson and Haines (1997). Comparing this outcome 
to the typology provided by Aldrich (1995), the level of participation were positioned 
as le\>el 1 and level 2 (platform Petrobras-10 and platform Petrobras-23 respectively).
In level 1 of participation, the information from the management to workers on 
plan of actions poorly provides substantial element to commit the individuals. Level 2 
of participation is one where the management gather information and experience from 
workers, providing a slight improvement in the relationship. In this case the 
management typically approach the employees with a rough information for a final 
decision, and then engage in a collaborative process where the workers’expertise is 
integrated within the overall decision-making process.
As a conclusion for this ‘ranking’ of participatory levels, in which employee’s 
information was regarded in two different management styles, attitudinal consequences 
should be expected from the individuals involved. Participation becomes effective 
when the parties involved develop a cognitive and emotional commitment to the 
relationship
The resulting trust may be a by-product of the level of participation in the 
context considered. Trust, which is the way people asserts expectations, presupposes 
a situation of risk and the possibility of disappointment, which depends on previous 
behaviour and choices. The individuals knew in advance that some of the expectations 
toward the design of the workstation would be deceptive, given the technical and 
economic praxis applied in these projects within their company.
According to Schôn (1999) the role of the practitioners is that of interpreting 
behavioural research results into design, and making suggestions for changing design 
decisions according to the individuals’ needs. With respect to the outcomes of the 
present study, this interpretation involved organisational and situational aspects of 
engineering design and technology management, but at the same time involved 
ergonomics and must, therefore, receive serious attention, which, until now, it has been 
lacking.
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CHAPTER 9_______
The Design of Technical Systems: 
Evaluating the user’s preferences
^Every act o f creation is first o f  ad  an 
act o f destruction.
(Pablo Picasso 1881-1973: Spanish artist)
9.0 Introduction
Ergonomics design criteria for drilling workstations may be developed by 
identifying the relations between the drilling crew members and the task requirements 
while performing the different drilling operations (David, 1984; Bea and Roberts, 
1995, Silveira, 1994). Traditional design techniques rely on the visual inspection of 
interactions between the operator and the equipment. On this basis, standards for time 
and performance and design attributes options are selected. Work practices are also 
developed with respect to these standards (Amato and Resweber, 1991). However, as 
the tasks in the drilling work become more cognitive due to the increasingly 
application of computing and technology (Close and Stelly, 1998), traditional tools for 
analysis become ineffectual. Analysis of cognitive tasks is required for providing input 
to equipment design.
There are ergonomics and human factors concerns related to the drilling work, 
which include the mental process of control over the equipment and communications 
as well as the physical nature of heavy manual work on the drill floor (Mueller et al., 
1987; Mohr and Clemmer, 1989). An ergonomic design that makes provisions for safe 
and efficient task performance of the drilling crew should be considered. These 
provisions include the issues such as drill floor lay out, drilling equipment and materials 
handling, driller’s cabin design, controls and displays design, and the integration of the 
drilling information through computer-based systems (Silveira et al., 1999).
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Behavioural and human issues are widely investigated in order to understand 
their role in the successful implementation of participatory approaches in the design 
and development as addressed in the present study and in theoretically similar 
situations. The importance of socio-technical aspects in the present study are explored 
considering the technical environment of the E&P activities, particularly in the drilling 
work. It has been difficult for drilling rigs designers to implement ergonomics, as the 
relevant information has not been available in a suitable manner (Wulff et a i, 1997).
In the field study, data addressing participation and attitudes in engineering 
design were collected in two different offshore oil rigs according to the methodology 
{Chapter 5). It was carried out in two phases: before and after the individuals started 
the drilling operation in a re-designed workstation. The ergonomic quality of 
workplaces is to a great extent determined through an early evaluation of requirements 
and conceptual approach adopted by the engineering designers of the production 
systems (Amato and Resweber, 1991; Brodner, 1994; Chapanis, 1995).
The present and the following chapter {Chapter 10) address the problems 
posed by the technological changes, which introduce new design options to design of 
E&P facilities, particularly those engaged in the oil drilling. While such changes offer 
opportunities to improve the ergonomics and safety by reducing some constraints and 
factors contributing to the workload in the drilling tasks, they may introduce new ones 
posited by the introduction of new technologies.
Considering the aspects evidenced and discussed in the context of this study 
{Chapter 3) concerning the analysis of the drilling work, this chapter examines two 
links related to the design preferences based on subjective choices of design attributes.
Firstly, it addresses the design of large and complex installations for drilling in 
the oil and gas exploration and production (E&P) industry, more particularly the 
mobile drilling units (MODU). The context in which these installations are conceived, 
as a made-to-order engineering installation, imposes some constraints that include 
operating and safety requirements, environmental legislation, and statutory regulations 
and law (Arnold et ai 1995; Cleland and King, 1993).
Secondly, their utilisation along their life cycle involves operational situations in 
which, for economical reasons, the re-design of workstations, and production systems
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for upgrading the operational capabilities, and refurbishment interventions may be 
considered.
These two links deal with issues concerning to participation and users’ attitudes 
toward the technical system. First, to the extent that participation in design decisions 
satisfies important operating needs to the users of technical systems, in this case -  the 
drillers, then an increased level of participation in the design intervention should 
produce greater congruency in design preferences expressed by them. Many tools for 
design and usability evaluation has been developed. They can be also useful for 
eliciting the user’s attitudes.
Prior to this investigation, a preliminary study was undertaken regarding a 
prospective design intervention in drilling installations (Silveira, 1995). The design of 
four areas in the drilling installations have been highlighted by the drillers: the driller’s 
cabin, the lay out of the equipment on the drill floor, the driller’s control panel, and the 
drilling controls and displays. The latter design attribute have created some 
expectations among the drillers, and since the application of computers and video 
display units, raised some concerns regarding the driller’s computing literacy and skills 
to work with computer-based systems.
Second, people differ in their desire or expectation for results of interventions 
in the workplace design. The driller’s role has been changed in such a way that 
requirements for his work are going beyond those desired to apply in the day-to-day 
activities (Close and Stelly, 1998). The actual and perceived responsibilities and duties 
of the drillers have been increased as new design features and technologies are 
introduced. Therefore, satisfaction lies in the difference between desired and 
perceived changes in the design of their workplace.
A variety of research has been undertaken to determine whether user 
participation does indeed lead to more effective workplace design and satisfaction. It is 
not clear what precisely is indicated by the concept of user participation in design. 
There is a need to specify who participates in what kind of design process -  
prescriptive or descriptive, and to what purpose (Wulff, 1997, Launis et a/., 1996; 
Wilson, 1991; Cleland and King, 1993).
Do engineering designers participate in the change process of user-engineering 
systems, or do users participate in the design process of engineering designers? Launis
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et al. (1996) argued that the leading role is for technology, and users are brought into 
the design process to establish the specifications mending the failings of the design of 
technical system. According to Clegg and Symon (1989) the user participation raises 
the issue concerned about getting workers and other potential users to participate with 
the designers who are legitimate experts, and who often end up owning both the 
problem and the solution.
Designers are regularly advocating that users have no knowledge of their own 
needs. Mumford (1983) argued that this problem frequently has to do with the 
abstractness of the context in which engineering designers try to elicit the workers’ 
needs. Usually the workers are committed in a passive way, but they do not directly 
see how they can claim an active role. Their attitude toward the technical system is 
influenced by both the inadequate knowledge of the workers about the new 
technologies to be applied in their work systems and the indefinite nature of their role. 
It stems from the fact that the orientation is all too often a technically determined one, 
whereas design interventions scenarios in which the imperative does not lie with the 
operators may explain this attitude.
Given the central role of workers’ preferences to perform their tasks based on 
their skill and knowledge in their day-to-day work and system operation, what is their 
own opinion on the design attributes? The people who will work with a new technical 
system do not only have interests as users (e.g. safety, comfort, and performance), but 
also as employees. As users they want systems that are reliable and usable. As 
employees they are interested in issues such as work security, obsolescence, and 
autonomy. These questions are addressed in the present part of this study.
9.1 Participation and interaction
To achieve improved results in the design intervention, an interaction among 
those involved and affected by the outcomes towards the exchange of information is 
required. This aspect deals with some functions of the participatory design process: to 
promote user acceptance and higher quality. There is a concern not only on the 
question of who has to interact with whom but also with the attributes describing how 
and when interactions are to be realised.
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Many different forms of interaction may be found in participatory design 
(Imada, 1991). The form is defined by the extent to which the exchange of 
information is formal or informal, and direct or indirect (Jensen, 1997). In designing 
development, it is accepted that the user’s participation in early stages of the design 
process is a better timing for these interactions (Chems, 1987, Clegg et al., 1996).
The congruency in design preferences may be matched based on the context in 
which the design intervention is developed. In order to improve workplace design, 
ergonomic information is needed at different stages in the design process (Launis et al. 
1996). The design stages, which includes definition, conception, and detailing require 
particular skills and understanding of both human characteristics and practicalities in 
the workplace under intervention. As more participation is promoted more accuracy 
in design solutions is achieved. For some activities there is an agreement that more 
participants will lead to a better result (Caccamise, 1995). For other activities there 
will be an optimum number of participants to test the new work system, and only one 
operator will not be sufficient to track down problems related to usability and 
operation.
The fact that the heuristic applied by an engineering designer play an influential 
role in design decisions, does not exclude the needs to consider the participation of the 
users. It is unlikely that engineers and engineering designers alone will be well versed 
in ergonomics and specific operating requirements to be able to make critical design 
decisions. Particularly with high technology in fields like E&P industry, the operator’s 
knowledge and understanding of the working process is essential (Storey, 1994). The 
cost for their failures and anticipation to solve problems is high, and the value of the 
operators is what is in their heads (Caccamise, 1995; Chems, 1987; Norman, 1990).
New technologies have been introduced in the drilling process, and they require 
ongoing involvement and participation by both engineering designer and the users. As 
these technologies migrate to the drill floor, the active participation in design decisions 
by the driller and the drilling team is the key to the success of these alternatives (Close 
and Stelly, 1998)
The design stages in the oil industry typically follow an adaptive or variant 
approach, which is pressured by outcomes from the prospect evaluation (Cleland and 
King, 1993). The prospect evaluation is a major design stage undertaken by a project
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team, which includes E&P experts in areas such as drilling, production, geology, and 
economy, providing an assessment of the feasibility of utilisation of a drilling 
installation at a given site. The definition of the working systems and the design of 
E&P installations characteristics is one of these stages.
This aspect highlights the technological and economic orientation for decisions 
in the drilling industry. If design decisions is conducted largely on technical and 
economic criteria, without explicit recognition of the socio-technical and organisational 
issues, this may lead to a solution ineffective for organisational purposes and unwanted 
by those involved in its utilisation
Design 
Degree of 
Freedom
Window for User Contributions to Design
Open
Design Progress
Organisational 
Learning and 
Adaptation
Close
Feasibility — ► Design -► Implementation
Time ---------------------------►
Fig 9.1 Technology-led approach and opportunity for participating in design 
(Eason, 1982)
According to Eason (1982) the technology-led approach does not allow the 
end users of the technical system to get involved in the development of its design. 
Traditionally, the design of technical systems do not give enough time for the user to 
participate and there is a limited window during which users can influence design 
decisions. After a new project is approved, expectations towards the technical system
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may influence user attitude based on the information about the system. The difference 
in their expectations for the results of interventions in the workplace design may also 
vary for different users due to their own beliefs and attitudes.
The introduction of new technologies is disrupting the traditional roles of 
workers. The drillers usually are pressured by issues concerning technical competence 
and their skills to operate with confidence the new workstations (Muir, 1989, Lee, 
1994). Also, they may rely on their own fiduciary responsibility (Barber, 1983), due to 
previous experience in drilling installations, to sustain prescribed work performance.
9.2 Ergonomics and design survey within the oil industry
An extended approach in the present study considered interviews with 
designers, manufacturers, and professionals within the oil industry. It served as an 
opportunity to assess the extent to which the various contributing segments were 
influencing the introduction of ergonomics, allowing the search for alternatives for 
achieving a harmonious blend between the economic and social goals of work in its 
organisational and individual dimensions (Axtell, 1995; Eason, 1989; Goguen, 1994).
The data collection took place throughout the study and consisted of semi­
structured interviews with key actors (engineering designers, engineers, drillers, and 
managers) within the oil industry. A questionnaire {Questionnaire IV) was designed 
to this purpose. The survey was carried out mainly in three different locations: 
Norway, United of States of America, and United Kingdom. Appendix I  summarises 
the survey results.
The result of the survey suggests that engineering designers identify, 
stereotype, or describe who the users are, rather than trying to understand them. They 
hear the users and read what others wrote about them instead of getting into direct 
contact with the users. Details of this process have been discussed elsewhere 
(Reinhold and Close, 1995; Silveira, 1998; Silveira, 1999), with particular 
concentration on the analysis of drillers’ preference for some design attributes in 
driller’s workstations.
These preferences can be grouped into two areas: the user itself and the 
usefulness of a new technology. Although at the driller’s level it can be normally
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possible to find just one person as a ‘user’, at the ‘usefulness of a new technology’ 
several parties will be found such as manufacturers, design consultants, engineering 
designers, and oil companies. All these parties are interested in optimising their own 
performance through technological innovation.
The problems of the drillers as users are beyond technical aspects. They are 
also cognitive and emotional. Dealing with restrictions of workstation designs can be 
difficult for an user who does not have previous knowledge, skills and training. In 
many cases, when the drillers have to operate or make decisions while drilling in a new 
workstation, they are under pressure and stress to work in a new situation or particular 
decision not confronted before.
9.3 Subjective design attributes evaluation
The reasons for considering subjective data as well as objective human 
performance data in the design evaluation process are twofold. First, objective 
measures of human performance do not necessarily predict user's preferences. Users 
may reveal a strong dislike for a given workstation design, even the interface facilitate 
successful user-system interaction. Second, user preference greatly influences their 
acceptance of a system. Situations arise when, for example, a feature of design does 
not follow theoretical ideal requirements, although it is preferred by the users. Due to 
operational issues the requirement is less critical than previously anticipated. 
Designers may even find that users prefer one interface to a set of alternative interfaces 
only to discover that the preferred interface actually degrades performance.
There are some cases where users do not know the reasons why particular 
features were designed. For example, there is a need for visibility of the working areas 
to the operator allowing visual verification of the personnel engaged in routine and 
critical tasks, but sometimes the resources for this purpose are prioritised to 
monitoring areas where there is reduced activity and low risk. User participation is 
regarded as an essential part of systems development and as a means of improving 
satisfaction, productivity and acceptance of change. These more subjective design 
preferences have an intricate relationship positing more responsibility and needs for an 
understanding of human behaviour.
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9.3.1 Outlining of the method for subjective design evaluation
For work situations where new technologies are used more intensely, 
machinery operation must serve much subtler needs of the user that differ broadly 
across the tasks to be performed. The task of design evaluation in such condition 
requires the ergonomic assessment of user's judgements regarding a particular design 
attribute for easy machinery operation. The problems associated with user-interface 
interaction might be reduced largely through user’s participation in the conception of a 
particular system or interface.
The tool Subjective Design Assessment extends the approach of this study by 
examining the effect of subjective ratings of the users. In both product development 
and engineering design management the division of labour into the design and 
execution phases have clearly been carried over onto many present-day situations and 
insufficiently sensitive to the user’s needs and involvement. The evaluation drawn in 
the methodology addresses issues that form a substantial approach to participatory 
ergonomics design. Also, the tool examine in real setting - two offshore platforms - 
the evidence reported by Zuboff (1988) on user’s trust. Zuboff contended that user’s 
trust has a large impact on the end-users' appropriate use of a new design.
9.3.2 Procedures for the subjective design evaluation
The methodology developed to undertaken the design assessment, outlined in 
the present Chapter was previously presented in Section 5.6.1 (Chapter 5).
It examined the user’s preferences regarding several physical aspects pertaining 
to their workspace based on users’ subjective choices of design attributes. The drillers 
were asked to classify each ergonomic design attribute in three steps: firstly, classifying 
the design attributes in a 1 -to 10-points response scale.
Secondly, they classified the design attribute by using a Design Attribute 
Matrix (Table 5.5). Then, a third and additional instrument included in Questionnaire
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II {Questions 6.1 to 6.12) asked the subjects to classify the importance of the design 
attributes based on a seven-point rating subjective scale.
These steps allowed all design attributes to be compared on the basis of their 
subjective importance in three different ways permitting to reduce bias due to inter- 
individual variability. The criteria adopted in this tool allowed analysing these design 
data in different manner and to compare the concordance of scores given statistically 
through Kendall’s test.
The question of ergonomic design preferences has been a justifiable topic of 
research, but it has not been yet examined enough in regards to the particular 
characteristics in the E&P environment. There are many design aspects to be tackled, 
such as the driller’s control panel arrangement, seating, protection to the operator, 
visibility to internal and external areas, the characteristic of the screen or display 
device, or the spatial location of the visual information (as in computer-based drilling 
systems), and the measures that might be taken to better ‘fit the workstation to the 
users’ are numerous.
Few studies have attempted to assess the user’s design preferences when user’s 
are engaged in participatory approaches. In the existing literature it was not found 
studies related to participation’s effects on user’s attitudes in design interventions in 
large-engineering installations such as offshore oil rigs. Yet this issue deserved 
investigation, as some driller’s workstations based on computers may be more 
conducive than others to effective use by novices and experienced drillers, at least 
during the initial, often decisive phase of familiarisation. Also, current knowledge on 
the design attributes preferences allows designers and manufacturers to offer design 
solutions which still provide many ergonomic constraints to the users and risk to the 
operation.
One of the most important tasks in ergonomics is predicting the user’s 
behaviour and to translate this outcome, not only into equipment that has the proper 
physical characteristics, but also into operating procedures that conform to those skills 
acquired and refined gradually by the operator through experience.
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9.4 Results: the drillers’ design preferences
•  L The User9s Preferences: Direct Classification 
(1-to 10 points scale)
The assessment of user’s preferences was initially carried out by adopting the a 
1-to 10 points scale. A summary of these results, including a final classification for a 
‘pooled’ score as a percentage of the total of points for each design attribute is shown 
in Table 9.1-A.
By identifying the first six design attributes classified by the subjects within the 
platform Petrobras-10 and those within the platform Petrobras-23 in Table 9.1-B and 
Table 9.1-C respectively, it was observed that driller's cabin lighting, noise and 
thermal environmental control and seating comprised a consistently selected set of 
design attributes.
Driller’s  Cabin Design Attributes Classification
Platforms’ Summary & Pooled Results__________________ ____________________________
Drillers’ Evaluation 
PETROBRAS10 - PETROBRAS 23 - Pooled
Pts % Pts % Scores %
•  Driller's line of sight 63 8.5 71 8.3 134 8.4
•  Controls Design 61 8.2 65 7.6 126 7.9
•  Display Design 54 7.2 71 8.3 125 7.8
•  Controls and Display Location 56 7.5 66 7.7 122 7.6
•  Labels and Instructions 58 7.8 67 7.8 125 7.8
•  Drillers Protection 65 8.8 69 8.1 134 8.4
•  Seating 65 8.8 76 8.9 141 8.9
•  Workspace 61 8.2 65 7.6 126 7.9
•  Warning Systems 62 8.3 78 9.1 140 8.8
•  Driller's Cabin Lighting 68 9.2 76 8.9 144 9.0
•  Noise & Thermal Environmental Control 66 8.9 77 9.0 143 8.9
•  Communications Resources 63 8.5 74 8.6 137 8.6
Total 742 855 1597
Table 9.1-A Design Characteristics Classification/Summary
The subjects within the platform Petrobras-10 classified driller’s cabin lighting 
(9.2%), noise and thermal environmental control (8.9%), seating (8.8%), driller’s 
protection (8.8%), driller’s line o f sight (8.5%) and communications resources (8.5)% 
as the first six design attributes. On this ranking, warning systems (8.3%) was the
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following classified attribute with a narrow margin separating it from the top six 
attributes.
Design Characteristics Classification 
Platform: PETROBRAS 10
Design characteristics ___________  Drillers’s Scores
pts %
•  Driller’s Cabin Lighting 68 9.2
•  Noise and Thermal Environ. Control 66 8.9
•  Seating 65 8.8
•  Driller’s Protection 65 8.8
•  Driller’s Line of Sight 63 8.5
•  Communications Resources 63 8.5
•  Warning Systems 62 8.3
•  Control Design 61 8.2
•  Workspace 61 8.2
•  Labels and Instructions 58 7.8
•  Control and Display Location 56 7.5
•  Display Design 54 7.2
Table 9.1-B Design Characteristics Final Classification/PETROBRAS 10
Among the subjects within the platform Petrobras-23, by adopting the same 
criteria, the first five design attributes were warning systems (9.1%), noise and 
thermal environmental control (9.0%), driller’s cabin lighting (8.9%), seating 
(8.9%), and communications resources (8.6%). The driller’s line o f sight (8.3%) and 
display design (8.3%) were positioned together and classified close to the first five 
preferred design attributes.
Design Characteristics Classification 
Platform: PETROBRAS 23
Design characteristics_______________ Drillers’s Scores
pts %
•  Warning Systems 78 9.1
•  Noise and Thermal Environ. Control 77 9.0
•  Driller’s Cabin Lighting 76 8.9
•  Seating 76 8.9
•  Communications Resources 74 8.6
•  Driller’s line of sight 71 8.3
•  Display Design 71 8.3
•  Drillers Protection 69 8.1
•  Labels and Instructions 67 7.8
•  Control and Display Location 66 7.7
•  Control Design 65 7.6
•  Workspace 65 7.6
Table 9.1-C Design Characteristics Final Classification/PETROBRAS 23
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When these scores are pooled the resulting classification to the design 
attributes shown in the Table 9.1-D indicates that the top six attributes comprise 
driller’s cabin lighting (9.0%), noise and thermal environmental control (8.9%), 
seating (8.9%), warning systems (8.8%), communications resources (8.6%), and in the 
sixth position the attributes Driller’s line o f sight and driller’s protection (8.4%) were 
positioned together.
It should be noted that this rank was strongly influenced by the scores reported 
by the subjects within the platform Petrobras-23, who consistently regarded these five 
design attributes. Also, it is worthwhile to observe that these first five design 
attributes represent the basic environmental variables (noise and thermal control), 
comfort (seating), and the means to co-ordinate the drilling tasks (communications 
resources).
Design Characteristics Final Classification
Platforms’ Pooled results
Design characteristics Drillers’s Scores
pts %
•  Driller’s Cabin Lighting 144 9.0
•  Noise and Thermal Environ. Control 143 8.9
•  Seating 141 8.9
•  Warning Systems 140 8.8
•  Communications Resources 137 8.6
•  Drillers Protection 134 8.4
•  Driller’s line of sight 134 8.4
•  Control Design 126 7.9
•  Workspace 126 7.9
•  Display Design 125 7.8
•  Labels and Instructions 125 7.8
•  Control and Display Location 122 7.6
Table 9.1-D Design Characteristics Final Classification/Pooled Results
• / / . Design Attributes Comparison Matrix 
(Pair comparison)
To determine whether the patterns considered by the subjects, which provided 
the initial classification, were consistent to many subjective factors. The design 
attribute matrix was applied in both platforms. The interactions accounted for 
classifying the same design attributes through consecutive comparisons of importance 
between design attributes in the workstation gave a moderate effect on the subjects’ 
opinions. The results in Table 9.2-A show that within the platform Petrobras-10 noise
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and thermal environmental control (13.3%), driller’s protection (11.5%), driller’s 
line o f sight (10.9%), workspace (10.9%), driller’s cabin lighting (10.%), and 
warning systems (9.4%) were the six top design attributes.
Design Attributes Matrix/Classification 
Platform: PETROBRAS 10
Design characteristics________________ Drillers's Scores
pts % total
•  Noise and Thermal Environ. Control 61 13.3
•  Drillers Protection 53 11.5
•  Driller’s line of sight 50 10.9
•  Workspace 50 10.9
•  Driller’s Cabin Lighting 46 10
•  Warning Systems 43 9.4
•  Communications Resources 34 7.4
•  Labels and Instructions 30 6.5
•  Control and Display Location 29 6.3
•  Control Design 27 5.9
•  Seating 19 4.1
•  Display Design 17 3.7
Table 9.2-A Design Attributes Matrix/ PETROBRAS 10
By using the matrix, the subjects within the platform Petrobras-23 scored 
warning systems (14.2%), driller’s line o f sight (13.3%), driller’s protection (12.3%), 
communications resources (8.2%) driller’s, and display design (7.4%) as the first five 
design attributes as shown in Table 9.2-B. Based on this ranking, noise and thermal 
environmental control (7.2%) and labels and instructions (7.2%) were positioned 
together in the subjects’ preference and narrowly separated from the top five 
attributes.
Design Attributes Matrix/Classification 
Platform: PETROBRAS 23
Design characteristics_________________ Drillers's Scores
pts % total
•  Warning Systems 75 14.2
•  Driller’s line of sight 70 13.3
•  Drillers Protection 65 12.3
•  Communications Resources 43 8.2
•  Display Design 39 7.4
•  Noise and Thermal Environ. Control 38 7.2
•  Labels and Instructions 38 7.2
•  Control Design 37 7.0
•  Seating 35 6.6
•  Control and Display Location 32 6.1
•  Driller’s Cabin Lighting 29 5.5
•  Workspace 26 4.9
Table 9.2-B Design Attributes Matrix/ PETROBRAS 23
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Design Attributes Matrix/Classification 
Platform: Pooled results
Design characteristics_______________ Drillers’s Scores
pts % total
•  Driller’s line of sight 120 12.1
•  Drillers Protection 118 12
•  Warning Systems 118 12
•  Noise and Thermal Environ. Control 99 10
•  Communications Resources 77 7.8
•  Workspace 76 7.7
•  Driller’s Cabin Lighting 75 7.6
•  Labels and Instructions 68 6.9
•  Control Design 64 6.5
•  Control and Display Location 61 6.2
•  Display Design 56 5.7
•  Seating 54 5.5
Table 9.2-C Design Attributes Matrix/ Final Classification of Pooled Results
The final ranking shows in Table 9.2-C that Driller’s line o f sight (12.1%), 
warning systems (12%), and Drillers’ protection (12%) almost equally scored in the 
comparison undertaken through the design attributes matrix. According to this 
criteria, they constitute the most important design attributes to all subjects participating 
in the study.
An explanation for this preference (driller’s line of sight and warning systems) 
is the need for a visual communication between the driller, roughnecks and derrick man 
in traditional drill floor lay out. Also, the visibility from the roughnecks stand point 
towards the driller’s cabin was regarded as mandatory attribute in order to permit 
momentary information on the driller’s actions. The subjects regarded the driller’s 
protection and warning systems as design attributes, which contribute to their personal 
and operating safety. The driller’s protection against the intrusion or fall of objects 
from the derrick or the drill floor is a constant attribute of concern. The warning 
systems were reported as one of the most important due to different fields of attention 
on the oil rig and the driller informational load that causes inadequate way the 
information is provided, mainly those whereby critical parameters must be noticed and 
consequent actions must be taken.
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•  III. The user’s preferences: Importance o f  Attributes 
(1-to 7 points scale)
Tables 9.3-A and 9.3-B contains the means, standard deviations and percentiles 
of the subjects’ scores reported for each platform. As shown in the referred tables, the 
preference scores of all the design attributes are rather high ranging, in a 1 -to 7 points 
scale, from 5.29 to 6.86 within the platform Petrobras-10 and 5.25 to 7.00 within the 
platform Petrobras-23.
The patterns of responses indicated that Driller's line of sight (7.0+00), 
warning systems (6.75±.46), Drillers 'protection (6.5+ 53) and labels and instructions 
(6.5+ 53) were the design attributes with smallest standard deviation (SD) within the 
platform Petrobras-23, whereas within the platform Petrobras-10 Driller's line o f sight 
(6.9±J8), Drillers' protection (6.6+53/ and seating (5.57+53) reported smaller 
standard deviation (SD). Both platforms (platform Petrobras-10 and platform 
Petrobras-23) consistently scored Driller's line of sight (7.O+.OO and 6.86±.38, 
respectively), as the more important design attribute.
Design Attributes Assessment - Platform Petrobras 10 - Descriptive Statistics
N Mean
Std.
Deviation Minimum Maximum 25th
Percentiles
50th
(Median) 75th
Driller's line o f sight 7 6.86 .38 6 7 7.00 7.00 7.00
Control design 7 5.86 .90 4 7 6.00 6.00 6.00
Display design 7 5.29 .76 4 6 5.00 5.00 6.00
Controls and displays 
location
7 5.71 1.25 4 7 4.00 6.00 7.00
Labels and instructions 7 6.14 .90 5 7 5.00 6.00 7.00
Driller's protection 7 6.57 .53 6 7 6.00 7.00 7.00
Seating 7 5.57 .53 5 6 5.00 6.00 6.00
Workspace 7 6.14 .69 5 7 6.00 6.00 7.00
Warning systems 7 6.00 .82 5 7 5.00 6.00 7.00
Driller's cabin lighting 7 6.14 .69 5 7 6.00 6.00 7.00
Noise & Thermal 
environmental control
7 6.57 .79 5 7 6.00 7.00 7.00
Communications resources 7 6.14 .90 5 7 5.00 6.00 7.00
Table 9.3-A Design Attributes Evaluation - platform Petrobras 10 (1-to 7 points scale)
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D e s i g n  A t t r i b u t e s  A s s e s s m e n t  -  P l a t f o r m  P e t r o b r a s  2 3  -  D e s c r i p t i v e  S t a t i s t i c s
N Mean
Std.
Deviation Minimum Maximum 25th
Percentiles
50th
(Median) 75th
Driller’s liine o f sight 8 7.00 .00 7 7 7.00 7.00 7.00
Control design 8 5.25 .71 4 6 5.00 5.00 6.00
Display design 8 5.25 .71 4 6 5.00 5.00 6.00
Controls and display locatic 8 6.13 .64 5 7 6.00 6.00 6.75
Labels and instructions 8 6.50 .53 6 7 6.00 6.50 7.00
Driller’s protection 8 6.50 .53 6 7 6.00 6.50 7.00
Seating 8 5.75 .71 5 7 5.00 6.00 6.00
Workspace 8 5.63 .74 5 7 5.00 5.50 6.00
Warning systems 8 6.75 .46 6 7 6.25 7.00 7.00
Lighting 8 5.75 1.04 4 7 5.00 6.00 6.75
Noise & thermal 
environmental control 8 6.00 .76 5 7 5.25 6.00 6.75
Communications resources 8 6.38 .52 6 7 6.00 6.00 7.00
Table 9.3-B Design Attributes Evaluation - platform Petrobras 23 (1-to 7 points scale)
Table 9.3-C and Table 9.3-D below show the results of the ranking of scores 
reported by the subjects within the platform Petrobras-10 using the kendall’s test. The 
driller's line o f sight (9.93), driller's protection (8.5), noise and thermal 
environmental control (8.43), communications resources (6.93), labels and 
instructions (6.93), and driller's cabin lighting (6.71) were the first six ranked design 
attributes among the subjects within the platform Petrobras-10. The Kendall’s W 
coefficient of concordance between the subjects was 3-1%, although the asymptotic 
significance was only /K.006, showing that there was a poor distribution of scores on 
this group.
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Kendall's W Ranks - Petrobras 10
Driller's line of sight
Control design
Display design
Controls and displays 
location
Labels and instructions
Driller's protection
Seating
Workspace
Warning systems
Driller's cabin lighting
Noise & Thermal 
environmental control
Communications resources
Table 9.3-C Ranking of subjects’scores 
Platform Petrobras 10
Mean Rank
9.93 
5.64 
3.36
5.14
6.93
8.50 
3.79
6.50
6.14 
6.71
8.43
6.93
Kendall's W Test - Petrobras 10
N /
Kendall's W .340
Chi-Square 26.153
df 11
Asymp. Sig. .006
a- Kendall's Coefficient of Concordance
Table 9.3 D Concordance among 
subjects’scores - Platform Petrobras 10
Kendall's WTest - Petrobras 23
Mean Rank
Kendall's W Test- Petrobras 23
Driller's liine of sight 10.44 N 8
Control design 3.19 Kendall's W .507
Display design 3.19 Chi-Square 44.640
Controls and display location 6.63 df 11
Labels and instructions 7.88 Asymp. Sig. .000
Driller's protection 8.44 a. Kendall's Coefficient of Concordance
Seating 5.00 Table 9.3-F Concordance among
Workspace 4.56 subjects’scores - Platform Petrobras 23
Warning systems 9.31
Driller's cabin Lighting 5.50
Noise & thermal 6.25emironmental control
Communications resources 7.63
Table 9.3-E Ranking of subjects’scores 
Platform Petrobras 23
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Among the subjects within the platform Petrobras-23 the ranking provided by 
the Kendall’s W test showed that the first six design attributes were: The first six 
design attributes were driller's line of sight (10.44), warning systems (9.31) driller's 
protection (8.44), labels and instructions (7.88), communications resources (7.63) 
and controls and display location (6.63)
The Kendall’s W coefficient of concordance between the subjects was 50%, 
and the asymptotic significance was p< .005, showing that the distribution on this 
group was consistently distributed. Table 9.3-E and Table 9.3-F show the results 
reported by the subjects within the platform Petrobras-23.
Further insight was given when the scores reported by the groups of individuals 
within the two platforms were pooled together. The twelve design attributes were 
considered very importantt in about 50% of the minimum scores reported in both 
platforms. Driller's line o f sight (6.93±.26), Driller's protection (6.53+51), Seating 
(6.4±62) were the design attributes with smallest standard deviation (SD) in the 
pattern of response . Table 9.3-G summarises the results.
Design Attributes Assessment - Pooled Data (Platforms Petrobras 10 +Petrobras 23)
Percentiles
Std. 50th
N Mean Deviation Nfimmnn Maximim 25th (Median) 75th
Driller's line o f sight 15 6.9333 .2582 6.00 7.00 7.0000 7.0000 7.0000
Ccritrols design 15 5.5333 .8338 4.00 7.00 5.0000 6.0000 6.0000
Displays desigp 15 5.2667 .7037 4.00 6.00 5.0000 5.0000 6.0000
C atro ls  and displays 
location
15 5.9333 .9612 4.00 7.00 6.0000 6.0000 7.0000
Labels and instructions 15 6.3333 .7237 5.00 7.00 6.0000 6.0000 7.0000
Driller's Protection 15 6.5333 .5164 6.00 7.00 6.0000 7.0000 7.0000
Seating 15 5.6667 .6172 5.00 7.00 5.0000 6.0000 6.0000
Workspace 15 5.8667 .7432 5.00 7.00 5.0000 6.0000 6.0000
Warning Systems 15 6.4000 .7368 5.00 7.00 6.0000 7.0000 7.0000
Driller's Cabin L if tin g 15 5.9333 .8837 4.00 7.00 5.0000 6.0000 7.0000
Noise and Thermal 
Environmental Control
15 6.2667 .7988 5.00 7.00 6.0000 6.0000 7.0000
Comnmicaliens Resources 15 6.2667 .7037 5.00 7.00 6.0000 6.0000 7.0000
Table 9.3-G Design Attributes Evaluation - Pooled Data (1-to 7 points scale)
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The overall ranking provided by the Kendall’s W test to the data reported in 
both platforms showed that the were the first six ranked design attributes were: 
driller's line o f sight (10.2), driller's protection (8.47), warning systems (7.83), labels 
and instructions (7.43), communications resources (7.3) and noise and thermal 
environmental control (7.27).. The Kendall’s coefficient of concordance between the 
subjects was 36.2%, and the significance was p< .005, showing that the distribution 
when considering the reported scores of the two samples was consistently distributed. 
Table 9.3-H and Table 9.3-1 show the results.
Kendall's W Ranks - Pooled Data Kendall's W Test- Pooled Data
Mean Rank N 15
Driller's line of sight 10.20 Kendall's W .362
Controls design 4.33 Chi-Square 59.771
Displays design 3.27 df 11
Controls and displays 
location
Labels and instructions
5.93
7.43
Asvmp. Sig. .000
a. Kendall's Coefficient of Con
Driller's Protection 8.47 Table 9.3-1 Concordance among
Seating 4.43 subjects’scores-pooled data
Workspace 5.47
Warning Systems 7.83
Driller’s Cabin Lighting 6.07
Noise and Thermal 7.27Environmental Control
Communications Resources 7.30
Table 9.3-H Ranking of subjects’scores 
pooled data
The results provided some clues with respect to users’design preferences. The 
previous experience with similar tools, machines, and devices enables the human 
operator to make inferences and generalise the operating strategies to carry out new 
tasks when using new machines or systems. However, if the technical system is not 
well designed and consistent to the user’s beliefs and heuristics acquired on a day-to- 
day basis, the design characteristics can also affect how easily the users can manage the 
technical system..
From the traditional heuristics applied in the drilling tasks, a strong influence 
based on the background of the drilling workers can also be considered in their
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interaction with new equipment and systems. Their knowledge of the drilling tasks, 
which is independent of the machine or system being used, increases the requirement 
for design solutions, and should be taken into account. Table 9.3-J shows the results.
Direct
Classsification
(7- t o  10 points scale)
Matrix of Design 
Attributes
{comparison)
Design Evaluation
(7- t o  7 points scale)
Kendall’s W 
ranking
(statistical test)
Driller’s Cabin 
Lighting
Driller’s line of sight Driller’s line of sight Driller’s line of sight
Noise and Thermal 
Environ. Control
Drillers Protection Drillers Protection Drillers Protection
Seating Warning Systems Warning Systems Warning Systems
Warning Systems Noise and Thermal 
Environ. Control
Labels and 
Instructions
Labels and 
Instructions
Communications
Resources
Communications
Resources
Communications
Resources
Communications
Resources
Drillers Protection Workspace Noise and Thermal 
Environ. Control
Noise and Thermal 
Environ. Control
Table 9.3-J Ranking of subjects’ scores using different tools
Satisfaction with design attributes might be seen as an important aspect of the 
usability. Some expectations of usability should be fulfilled when the drillers feel that 
their comfort and safety depends on design attributes. An important point to note is 
that the interaction between an artifact, an user and the task is always dependent on the 
expectations of the users and the conditions offered to undertake the task.
Perhaps the most basic form of design evaluation, which include the discussion 
with the users or checking a particular set of requirements and features to enable the 
development of new product or system. Having decided on the requirements in terms 
of system, its design should evolve trough a design cycle to achieve the users’ needs.
Users will often have expectations of how the system will work for a particular 
task, and the attitudes that they have based on previous experience can affect how they 
respond to a new system design. Participatory approaches in design decisions provides 
a suitable manner to capture these expectations. Designing to fit the users represents a 
shift from the traditional approach. Therefore, it is essential to have an understanding 
of users’ preferences and needs.
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CHAPTER 10
User’s design preferences: 
discussion and conclusions
‘The pro6Cem witH generalisations is that they 
don’t appfy to particulars.
(Yvonna Lyncoln and Egon Cuba; 1985. Educators)
10.0 Introduction
The present empirical study attempted to demonstrate the behavioural 
influences on the users involved into engineering design with different level of 
participation. The importance of workers as end users of the technical system and the 
work demand was investigated through a description of the drilling work process 
{Chapter 3, section 3.4). The product of the workers’ participation, if any, in the 
engineering design intervention was regarded to be influential on their attitude given 
the interaction in the operating environment between the operator and the technical 
system (Mambrey et al., 1987; Meister, 1999).
In the assessment of the design preferences, each individual’s opinion was 
openly solicited and regarded into the analyses, providing access for sharing 
experiences and presenting personal points of view. In fact, it was not only measured 
when the oil rigs returned to the operation sites, but through a prolonged engagement 
of research into the different phases of the engineering activities within the offshore oil 
rigs involved.
A substantial body of research exists about the respective merits of the different 
methods applied in design investigations. A classification of different approaches of 
empirical studies concerning engineering design has been proposed by several authors
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(Bennet et al., 1988; Hacker, 1997; Roy and Bruce, 1984). According to them, these 
studies are ordained through dimensions such as laboratory vs. industrial practice, 
single subject vs. group, and design-scientific vs. design-scientific based on 
psychological perspective.
In fact, this classification cannot be assumed as complete since they keep apart 
studies of engineering design within naturalistic approaches, which contemplate 
sociological or anthropological perspective. For instance, Schôn (1999) argues that 
design is a social process in which the participation of different groups with different 
values and perspectives results in product that a single engineer at a drafting board 
cannot accomplish. Another example is provided by Wulff (1997, also Wulff et al, 
1997), who focused human factors in large-scale engineering design by emphasising 
the information and communication among the actors in the design process within a 
naturalistic approach.
From the user’s point of view it should be observed that there are 
psychological, ergonomic, and technical aspects to be considered when investigating 
participation in the design. However, as argued by Hendrick (1986, 1995) 
organisational, economic, and technology aspects should be considered together in a 
macroergonomic approach.
The twelve design attributes selected from a prior study (Silveira, 1994, 
Silveira et al., 1999) associated with interviews and field observations were regarded 
as important in varied manner and included in the methodology designed for the 
present study. It was intended to collect sufficiently detailed descriptions of data in 
context to allow further analyses.
The three different instruments for the design assessment applied in the present 
study allowed the users to classify the design attributes as a confirmation of 
participation in the design process within the overall investigation. Data collection 
and data analyses were conducted concurrently, and people involved were the principal 
research tool and, ultimately, the interpreter of the results in the different stages to 
accomplish the objectives of the study. Design preferences were targeted in the 
present study to see how designers translated users’ demands and suggestions into 
design decisions. The technical orientation adopted for modifications into the design 
of several sub-systems in both platforms as a whole, promoted substantial changes in
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different working systems on board, and not only dedicated to the driller’s 
workstation.
Organisational factors during the design negotiations and the background and 
characteristics of the workers involved themselves provided additional information. 
Some evidence were also corroborated from the data reported in Questionnaire I  and 
verbalisations by the drillers. These data were analysed in the light of the classification 
provided through the design attributes matrix performed by the subjects in both 
platforms, and statistical methods (Kendall’s test of concordance).
10.1 Balancing user’s design attributes preferences
The subjective design preferences can be externalised in many ways in working 
situations. The results in the present study showed that when the subjects reported 
their preferences in a direct classification, an utilitarian attitude compelled the 
individuals to express their preferences in connection to immediate needs such as 
comfort (noise & thermal environmental control, lighting, and seating).
As the tools applied evolved towards a more cognitive approach, the subjects 
were enabled to ‘refine’ their subjective judgement, by introducing other work 
dimensions such as safety, teamwork, work organisation, and their hierarchical 
responsibility, since the drillers acts ultimately as supervisor of the drilling crew. This 
shift in the design attributes judgement, switching from an individual and personal view 
of the importance of the design attributes, permitted the subjects to adopt a more 
ecological attitude towards the technical system and the tasks demands in the drilling 
work.
The response patterns for the design attributes indicated a variability in at least 
half of the attributes originally selected from a previous study (Silveira, 1994, Silveira 
et al., 1999). The subjects in both platform reported some anthropometric difficulties 
regarding seating, control and displays location and communications. The correct 
positioning of the control panel components must reflect details of the driller’s tasks.
The drillers claimed that many of the problems in their workstations could be 
resolved if the design decisions prioritise the operator needs and the operational
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constraints imposed by a poor design. Some individuals stated their scepticism toward 
potential improvements in the workstations. They believe that the management takes 
long time for decisions with respect to the workplace conditions and crew members’ 
well-being.
It should be observed that some individual’s predisposing factors which are 
related to knowledge, beliefs, attitudes and values posed additional importance in 
terms of a better preparation of the workers to the new situations and the impacts on 
health well-being (Brisson et al., 1999, and Green and Kreuter, 1991).
From the twelve design attributes, which were discussed elsewhere (Silveira et. 
al., 1998, Silveira, 1995), the first three attributes of design classified in the assessment 
carried out in the present study, deserve further comments.
The first design attribute regarded by the subjects was the driller's line of 
sight. This attribute is associate with the need to co-ordinate all the drilling operations 
on the drill floor, including interactions through visual and gesture communication on 
the drill floor and with the derrick. The line of sight must allow the driller to oversee 
the drilling tasks on the drill floor, and the “manipulation” of the tubes and tools by the 
crew.
Some studies indicated the importance of design attributes with respect to the 
safety aspects of the drilling tasks and the needs for visibility and co-ordination by the 
drillers. For instance, Larsen et al. (1991) carried out a study to produce a description 
of the ergonomic needs on the drill floor for application in the early stage of the design 
process. They identified that lines o f sight from the driller’s cabin was one of the 
design attributes that impacts on communication between drilling crew members and 
the driller.
David ( 1984) studied the patterns of accidents occurring on the drill floor. He 
also pointed out that the work on the drill floor demands co-ordinated activity and 
timing of each member of the drilling crew for its effectiveness. He found through a 1- 
year sample of accidents analysis that 11% of injuries occurred as a result of an 
unexpected movement of drilling tools due to process control error. Further analyses 
of these accidents suggested that the error was most frequently linked to drillers.
The driller's protection was the second design attribute considered by the 
subjects. The drillers had a high probability and fear of accidents involving equipment
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falling on or hitting against the driller’s cabin, due to the constant movement of 
equipment and tools on the drilling floor. It is primarily the cognitive component of 
the individual to take into account when assessing the probability of risk in the 
environment. There is a distinction between perceiving risk and evaluation of the 
source of risk. The evaluation of risk is associated with an individual’s attitude toward 
the risk source and its is based on the beliefs and values judgement concerning a 
specific risk source (Fishbein and Ajzen, 1975; Ajzen and Fishbein, 1980). There are 
several measures to assess risk perception: worry, concern, and the feeling of safety. 
In the present study, the design attribute classification by the subjects suggests that the 
scores concerning the driller's protection design attribute translate their feelings about 
safe/unsafe conditions in their workstation.
This aspect of the problem has been approached by others authors (Marek et 
al. 1985; Rundmo, 1992b, Slovic, 1987, Yates, 1992). Studies carried out on 
accidents and risk have demonstrated the value of taking into account the systems of 
values and beliefs of the subjects involved (Slovic et al.7 1981, Slovic, 1987). 
Perceived risk is the subjective interpretation of the probability of a particular type of 
hazard being realised and the extent to which the individual is concerned about the 
consequences of that hazard in order to deal with them (Yates, 1992).
Norwegian researchers have been considering these issues related to risk 
perception in the E&P environment since the early 1980s. For instance, Marek et al. 
(1985) found that different occupational groups (drillers, production operators, 
caterers) in a offshore installation in the North Sea, lived and worked in their own 
“world of risk”, and regarded safety based on this peculiar view of their reality.
The third design attribute was warnings. It was observed that warnings took 
an important position in the driller’s design attributes preferences. Warning-related 
issues for drilling systems has been the object of concern because the nature of 
information that they display. The subjects raised concern with both visual and 
auditory warnings (e.g. Chapter 9 and Chapter 3 section 3.6).
Two points were highlighted: the recognition and learning characteristics of 
non-verbal sounds, and the problem of detecting them in a noisy environment such as a 
oil drilling rig. The subjects recognised that despite warnings on the oil rig is not the
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solution for critical operating situations, it may be seen as means to complete all other 
safety procedures during the drilling operation.
Many accounts from industrial application and design of product research 
raises important issues regarding warnings (Letho, 1992; US Consumer Product Safety 
Commission, 1991; ANSI, 1991). There is a substantial body of research in 
ergonomics concerning warnings (Chapanis, 1994, Letho, 1991, Letho and Miller, 
1986, Wogalter et a/., 1987).
The auditory warnings is the traditional means to inform the drilling crew on 
the oil rig. It is important when the driller or members of the team cannot attend to 
visual displays or working in different points of the oil rig. For new driller’s 
workstations, with environmental control, this information constitutes a problem 
because of the need to reproduce information simultaneously inside and outside of the 
driller’s cabin control.
With the introduction of computer-based drilling systems concern has also been 
raised with respect to hierarchical criteria for making decisions in specific critical 
situations (Reinhold and Close, 1995). The drillers pointed out the importance in 
defining how and what to warn about regarding to the information displayed.
The visual confiision due to an overcrowded control panel and video-displays 
will increase the stress in dealing with normal information and warnings about 
disturbances in the technical system. In safety-critical information the position of the 
displays can determine whether the driller will observe a warning within a particular 
time period. Also, the arrangement of input devices can determine the error rates that 
must be considered when executing data entry (Wickens, 1992).
As drilling systems become more computerised and the introduction of 
intensive mechanisation and automation, it is possible that situation control in 
disturbances and emergencies requiring awareness of risks in the drilling process could 
decline. The design of warnings and their integration into the overall drilling system in 
the future, must consider the problems for the human operator in these increasingly 
complex systems and the cognitive process involved.
It is worthy to note that, in addition to these first design attributes, seating was 
another design attribute regarded by the drillers. They scored this attribute highly 
when using the direct classification (1-to 10 points scale). The driller’s seated position
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with full access to all controls and displays is a non-traditional working condition in 
most of the drilling rigs. Despite their claims, design efforts for a suitable drillers’ 
chairs are still unresolved in most the design options. It has been seen as a novelty in 
the design of oil rigs. The drillers should not routinely be expected to sustain posture 
that impose significant biomechanical stress. According to the ergonomics literature 
(Grandjean, 1988) the work distance of from the elbow to the hand of 95% of the 
population of drillers at the table top height (maximum arc 55-65 cm) according to the 
operating priorities in a seated position.
A frequent criticism among the drillers within the platform Petrobras-23 was 
that the seating provided could not allow them a proper positioning of the driller 
comfortably (see photos 29, 30 and 34). During the last stages of the engineering 
design intervention efforts were made by the drillers in order to reconfigure the lay out 
of the driller’s workstation with respect the seating resources.
10.2 Design choices and consequences
The general idea that people associate beliefs to the object of attitude is a 
traditional emphasis in attitude theory (Eagly and Chaiken, 1993). Beliefs that take the 
form of concrete representations of one’s experiences with object of attitude become 
more abstract after the individual has had more experience with the object of concern 
(Abelson, 1981).
The drillers day-to-day experience with drilling activities, the risk involved, the 
discomfort, and the stress resulting from machine operation and crew co-ordination to 
accomplish the tasks in a harsh environment, would favour one or more design 
attributes that is ascribed to this kind of work environment. It can be seen that 
comfort, safety, and communications were, in fact, the underlying criteria from the 
preferences reported by the drillers in the first six design attributes.
Table 10.1 below summarises the outcomes that can be extracted from the 
different design attributes assessment tools applied in the present study.
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Design Attributes Preferences: Criteria for Subjective Choices
Direct
Classification
(1-to 10 points 
scale)
Basic
Criteria
Matrix of 
Design 
Attributes
[comparison)
Basic
Criteria
Design
Evaluation
(1-to 7 
points scale)
Basic
Criteria
Kendall’s 
W ranking
(statistical
test)
Basic
Criteria
Driller's Cabin 
Lighting
Comfort Driller’s line of 
sight
Safety Driller’s line of 
sight
Safety Driller’s line 
of sight
Safety
Noise and 
Thermal Environ. 
Control
Comfort Drillers
Protection
Safety Drillers
Protection
Safety Drillers
Protection
Safety
Seating Comfort Warning
Systems
Safety Warning
Systems
Safety Warning
Systems
Safety
Warning Systems Safety Noise and 
Thermal Env. 
Control
Comfort Labels and 
Instructions
Safety Labels and 
Instructions
Safety
Communications
Resources
Commun. Commu.
Resources
Commun. Commun.
Resources
Commun. Commun.
Resources
Commun.
Drillers Protection Safety Workspace Comfort Noise and 
Thermal 
Environ. 
Control
Comfort Noise and 
Thermal 
Env. Control
Comfort
Table 10.1 Underlying criteria in the drillers’ choices of design attributes
To interpret these more subjective outcomes it is helpful to consider some 
aspects of the drilling work as noted earlier in Chapter 3, which addressed the analysis 
of the work in the oil rig and provided a basis for a behavioural and cognitive context 
for the users’ design preferences. These subjective criteria included information 
extracted from a wider set of attributes of the work environment, and comprised the 
tasks demands imposed by the technology, the individuals’ knowledge and skills, and 
the organisational structure including the work system.
Some outstanding points of the data collected and presented in Chapter 9 
permitted the identification of particular characteristics of the design attributes 
regarded by the subjects. Some attributes of design were seen as providers of an 
immediate and expected utility in their working environment such as comfort and 
performance, whilst others were regarded as a set of needs such as safety and health 
preservation. For instance, the subjects in both platforms adopting a direct appraisal, 
classified as more important three design attributes, which may be associated with 
comfort, such as driller’s cabin lighting, noise and thermal environmental control and 
seating among the first six design attributes. Conversely, when these design attributes
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were scrutinised using more selective criterion, needs of safety were prioritised. The 
subjects prioritised the driller's line o f sight, drillers' protection and warnings 
Corroborating this shift in choice patterns, the drillers conspicuously reported their 
preferences based on the needs for team communication and work organisation.
This behavioural and cognitive context moved the emphasis of the analysis of 
the design away from isolated aspects of the design attributes to a more subjective 
approach. This perspective included representations and cognitive processes as well as 
the explicit aspects of the design attributes. The drillers’ design preferences alternate 
basic needs (Maslow, 1970) and expected utility (Vroom, 1964), influenced by the 
general cognitive demands imposed by the technical system that they operate.
Particularly, this subjective design attribute judgement combined the users’ 
actual knowledge of the technical system or machine with the information recovered 
from past experience, the awareness of the individuals’ capabilities and limitations, and 
the identification of strategies to perform the tasks in order to manage multiple 
resources available within the technical system.
From the interviews, the users expressed their concerns about slips and 
mistakes while performing the drilling tasks in the new work situations. The 
implications for designing and taking action in traditional tasks - which they know how 
to perform - when modified to new working situations, can bring minor to catastrophic 
results. Therefore, the outcomes of the qualitative analysis of attitudes and satisfaction 
contemplated in Chapter 6 and Chapter 7 of the present study provided an indication 
of the usefulness of the users’ participation in the design solutions.
Their choices might be influenced by the level of participation in the design 
modifications, which would provide the users a means to cope with individual 
perception of risks and system’s capabilities. Therefore, this subjective judgement 
reflected the positive effects of users’ experience which may drive their attitude 
towards the technical system.
10.3 Computer-based drilling systems
With respect to the computer based drilling systems, the drillers reported some 
aspects related to the design of the drilller’s control panel. The drillers expressed
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concern about the large amount of information to handle in the new driller’s console 
and computer-based displays. This feedback from the subjects was evidence of the 
problems to the processing information and presented as a source of stress to them. 
One characteristic of the new technologies is that they somewhat reduce the number of 
sensory modalities that can be used for gathering information.
They also expressed concern about situations when the driller may be presented 
with too much information at one time and when they are not expecting it. It seems 
likely that the driller would either miss the information due to task requirements or 
would be distracted from a drilling manoeuvre and, therefore, give rise to the 
opportunity for accidents to occur.
The subjects expressed their concern about the display location requirements, 
which address the issue of where information is displayed on the control panel in the 
driller’s cabin. For these workstations the engineering designer might have to decide 
whether the whole of the screen should be used as information and/or control display 
area or just a small part of the screen.
The drillers raised the possibilities to consider as many displays as possible. 
The positioning of the displays must be defined according to the operator’s priorities 
for the task. This is an important matter to be considered, since it is essential to 
include CCTV information to the drillers, which can be optionally displayed on screen 
in the control panel. The more that can be displayed at one time on the screen, the less 
the driller will be required to select via the menu. Nevertheless, it should be carefully 
considered in order to ensure that not too much information, is displayed 
simultaneously.
The design attributes scores provided by the drillers also highlighted the 
importance of the readability and feedback from controls and displays. It is important 
to them that the information is displayed in such a way that they can read quickly and 
easily, and without causing any confusion.
They noted that the design of on-screen interfaces, including colours and size 
of the characters should be applied in such way to permit them to distinguish the 
different operating status. These colours and size should be taken into account to 
permit the identification from a sitting position at the driller’s cabin. They also raised 
questions on the choice of the background for the panel behind the menus on the
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computer screens. The background enables the driller to read the display easier. 
However, this back-panel should not reduce the clarity of the image formed by icons 
and characters on screen.
Numerous case studies illustrate the problems that can rise when computer 
equipment is poorly integrated into its work environment (Norman, 1990, Malone, 
1990, Bignel and Fortune, 1991). For instance, in the modifications within the 
platform Petrobras-23 some equipment were positioned outside the reach of the driller 
(see Appendix III.2, photo 34).
A range of techniques can be used to address such problems. Computed aided 
design tools can analyse different operator posture (Caro, 1988) and interactions 
(Malone, 1989). Empirical techniques have also been developed to support the 
evaluation of potential working environments (Malone, 1989)
10.4 Training issues
Training is one of the most efficient means of acquiring skills on new 
equipment, since it reduces the cost of learning phase and increases chances of success. 
Training efforts to boost skills acquisition was not observed in the present study. A 
reduced number of subjects reported receiving formal training in order to be well 
prepared to work within the new driller’s workstation. It should be noted, however, 
that 51% of the subjects stated that they had not been trained at all (Table 6.1-F and 
Table 6.1-G in Chapter 6), and most of those who had, had received not more than five 
training days.
By associating the additional information on the subjects’ background from the 
Questionnaire I  with the outcomes provided by the assessment on the design 
attributes there was evidence that some subjects were more qualified. For example, 
those who did word processing or use the computer for various, applications were 
found to have less criticism of the modifications and a more favourable attitudes vis-à- 
vis computer-based technology for drilling systems.
One possible reason why the attitudes of drillers differed from each other was 
that some of them were not exactly at the same stage in their careers, and therefore do
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not necessarily share the same interests in terms of novelties in technologies for the 
drilling work. Another possible reason was that the implementation of new 
technologies is often associated with organisational changes that may have an impact 
on employment and qualifications. The attitudes resulting from the needs to adapt to a 
new machine or system quickly, and with little or no formal training, have their 
provenience from expectations held on their own ability to learn and to effectively 
operate the new system.
The integration of human-machine systems implies that new tasks will permit a 
smooth learning process for new work situations based mainly in the operator 
knowledge of the process. Some subjects expressed their pride from previous 
experience in the drilling work, but that they have worries about not being able to take 
advantage of this prior knowledge, and about making mistakes or even damaging the 
equipment. It is worthwhile to note that training is highly important to familiarise 
workers with a novel situation. The problem is amplified if the training is supposed to 
prepare employees for major changes in daily work habits and practices.
The cognitive impact during training of mental representations and attitudes 
faced by technological changes, may be a source of stress for those assigned to a new 
or re-designed job. The initial cognitive phase in which the operator develops a select 
group of actions evolves to stages of fixation and automation of actions requiring 
support from training initiatives (Marshal el al., 1981; Shepherd, 1985, Shepherd, 
1986)
The drillers manifested apprehensions during the interviews citing a lack of 
confidence in their own skills and knowledge for computer-based drilling systems. 
Among the worries, they expressed their fear in working with computer-based 
workstation, and of making mistakes that would have adverse consequences on the 
drilling operation or even on the equipment or machinery.
Marshall el al (1981) proposed a training approach which included the 
introduction of diagnostic rules for learners who had previous knowledge of the 
working process. Since no training program was designed to support the drillers to 
work in the new workstations, they had to rely on the heuristics of the traditional 
drilling tasks in order to accomplish the drilling activities.
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According to Shepherd (1985, 1986,) training will not be suitable to provide 
proper performance if the task has not been designed according to the procedures of 
the work process. He argues that if displays are poorly designed or if the operator 
have too many actions to perform simultaneously, they will be prone to error.
In a study reported by Needham (1992), he described the situation where the 
operators did not follow the written rules for a determined plant. This behaviour was 
explainable since it was not possible to carry out the work in the way it was prescribed. 
Often, training decisions are not considered until the installation is built and the 
operating team is recruited.
Human operators are assumed to work resolutely and interact with production 
systems, but they may not behave in accordance to the goals established, due to a 
deliberated lack of co-operation, technical competence or because operational 
constraints prevent performance (Shepherd, 1998). Shepherd (1985, 1986) discussed 
the need for key elements of a training design framework in which four training stages 
prescribe: (1) ensure and provide knowledge to the operator, (2) guiding practical 
activities, (3) organisation of skills, and (4) task simulation and practice of real 
situation by giving emphasis in the criteria that ‘it is the task rather than the equipment 
that should be simulated’.
10.5 Conclusions
Based on the results, it is not easy to provide the best choice for the design 
attributes for the driller’s workstations. The balance of these attributes should be 
obtained through an in-depth work demands analysis. There are constraints on specific 
work situations which influence the individuals’ choices. These choices determine, to a 
large extent, the design solutions, and the solutions, in their turn, determine the ‘modus 
operandi’ of the technical system.
In order to bring the functional and subjective aspects of the design attributes 
closer together, it may help to consider the factors underlying the individuals choices 
of determined design attributes and the evaluated consequences. It is clear that 
individual preferences are not simply due to the influence of the workplace lay out to
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the operator to perform the tasks. In addition to that, the design options will be 
moderated by several subjective factors associated with the work environment and the 
individual’s interaction with them.
The practical nature for designing working systems in no way excludes a 
behavioural approach to the design of these systems. Thus, the role of the designer is 
not only to analyse and solve design problems concerning technical aspects, but those 
which involves more ecological aspects of the design process including, the users and 
their subjectivity (Hollnagel, 1983).
The subjective design evaluation of working systems has to be analysed in a 
certain context and to model the situation and give evidence to relevant ergonomics 
demands. This approach could be developed by applying methods which interpose a 
reduced set of interpretative variables. It is a challenge to the design initiatives, 
because efforts are required to overcome behavioural variability and individual’s 
heuristics, and to translate the user needs and demands into observable facts within the 
real world, and to conceptualise design solutions on the basis of these observations.
Consideration should be given to user’s participation in design decisions. The 
participation effects on attitudes regarded as influential in the present new model 
highlighted the importance of the end users interaction throughout the design process; 
helping to make the design objectives and needs more explicit for those responsible for 
engineering design decisions. For instance, the development of interfaces for human 
computer interaction (HCI) for drilling systems as encountered in the context studied, 
should be based on a clear description of operational needs. This description should 
not rely only on engineering designers experience, but on the drillers’ feedback as end 
users.
The initial design should be intended to elicit and record the ergonomics 
requirements that are to be imposed by an interface to the operators. It should be 
accomplished through a definition of design objectives and task analysis (Annet and 
Duncan, 1967, Shephard, 1986, Shepherd, 1998). If the constraints are not considered 
during the early stages of the interface development, then designers may be compelled 
to make drastic revisions in order to implement it within a particular lay out of the 
workstation later.
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Although situations of using new technologies in the E&P work share a number 
of similar problems, such as ineffective design of the driller’s workstations, and the 
increasing adoption of interfaces and software in computer technology, the 
consequences of these problems to the drillers differ in nature and scope. One reason 
is that such technologies adopted in workstations and tools, are much more used in the 
offshore work environment than onshore.
Some of the drillers involved in the study had their career, at initial stage, in 
onshore operating sites where the contact with more sophisticated resources was rare 
or did not exist. Another reason is that the drilling workers’ jobs are at stake, as the 
operating oil companies may end up alienating part of the drilling crew as they regard 
them as less capable of adapting to the new technology and, at a higher level, to the 
work organisation that depends on them. These aspects rise concerns and reactive 
attitudes towards the design, the need for skills acquisition and technological 
characteristics of their workplace.
There are several reasons for drilling workers to express concern to the design 
of their workplace. One reason is the increasing complexity of the new drilling 
systems. A variety of new equipment and task demands is increasingly being made on 
them. Many of the issues imposed by new technologies may create new challenges 
that are presented to the drillers without previous referential to them. Thus, their 
previous experience may be not sufficiently adequate for these challenges.
While these drillers’ attitudes partially reflect what they feel about themselves, 
or about others important referents in the workplace, there are also, some issues with 
respect to obsolescence and job security. These attitudes may, in fact, draw a 
somewhat pictorial view of the reality.
Safety as an outstanding outcome of the present study revealed the possibility 
and benefits to expand the driller’s design preferences to produce more precise design 
solutions. Expanding these underlying preferences, safety may emerge as low risk to 
the driller, reduction of driller’s mistakes, and prevention to loss control in the drilling 
tasks. There may have differences in their preferred design attributes, but the users all 
agreed that there was a need to improve on the traditional way of designing 
engineering solutions for drilling rigs. Their participation may facilitate these 
initiatives.
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CHAPTER 11
Critique of the method
Oespite everything tomorrou> has to he another day.
(Chico Buarque de Ho!anda\ Brazilian poet, writer, and songwriter)
11.0 Introduction
The use of subjective judgement in making individual choices is theoretically 
well founded, simply put, it is rational for each individual to make inferences in light of 
the best information available (Savage, 1972; Johnson-Laird, 1983, Zajonc, 1980 
Kahneman et al., 1998). However, the use of subjective judgement in groups lacks a 
firm theoretical foundation (Arrow, 1951; Kaplan, 1991; Maranell, 1974).
When individuals have different opinions, but must reach a common decision, it 
is unclear whose opinion is tcbest” or how the various opinions should be combined. 
This is not only a theoretical question, but one with significant implications for how to 
effectively use results of subjective assessment on attitudes and design attributes 
preferences.
The study of workers’ attitudes when involved in engineering design 
intervention followed a strict methodology representing an amalgamation of job 
satisfaction and attitude theories. The option to undertake the study in real settings 
was intended mainly to capture some of the important real world influences on 
attitudes.
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The method applied took advantage of gathering genuine information in 
naturalistic settings. Indeed, according to Eagly and Chaiken (1993) the weakness of 
the existing knowledge about how human attitudes work and evolve is at least partially 
associated with the limitations of laboratory experimentation. These authors advocate 
that “naturalistic studies carried out in settings in M>hich people develop strong 
attitudes are badly needed to understand how attitudes crystallise and become strong' 
(Eagle and Chaiken, 1993 p. 681)
The practical constraints of investigation outside the laboratory pose some 
difficulties to accomplish in full the objectives. The relative advantages of laboratory 
and field methods for attitudes research are well discussed in the literature (e.g. 
Hovland, 1959). In the scope of the present method there was the acknowledgement 
that in real world human-machine interaction the arrangement of the variables in the 
operating environment do not occur at the will of the researcher as noted by Meister 
(1999).
There was the possibility to impose constraints on the subjects’ motivation by 
an implicit demand that they had to do their ‘duty’ in the present study. However, to 
facilitate the subjects’ participation in the present study particular care was taken to 
demonstrate to them the importance of the study, ensuring that the workers had a fair 
perception of the contributions of the study, for overtly express their opinions.
Significant guidance exists in behavioural sciences regarding the elicitation of 
subjective information from those involved in a particular context (Ajzen and Fishbein, 
1980; Bogdan, 1972; Burgoyne, 1994; McKechnie, 1974). However, this guidance is 
difficult and costly to apply particularly in naturalistic settings as in the context studied.
The idea in the present method was to let the data “speak for itself’ as much as 
possible by purposively collecting data using a set of different tools and different 
sources of data (from individuals involved in the study and additional contribution from 
representatives from the oil industry).
This particular approach might not work very well in real settings and small 
number of individuals in the population studied, because of the needs for robustness in 
the amount of data to be collected. Nevertheless, the data provided a rich source of 
information, which synergistically gave valuable contribution to the study even in the 
subtly allowed inferences.
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11.1 Limitations of the study
This research was limited to qualitative data as a result of the conditions given 
to carry out the assessment within real settings. The study, focused on the 
investigation of the events occurring in a naturalistic setting and situational constraints, 
offered by a sample of reduced size (as discussed earlier in Chapter 3). Nevertheless, 
it has provided an operational environment where real events and genuine subjects 
produced valuable data (Lincoln and Guba, 1985).
One distinguishing feature of the present study was that it did not seek to 
intervene in naturally-occurring events of the engineering project under study, or to 
control any of them. It simply observed and recorded what was happening, and asked 
people about the events. Nonetheless, it was recognised that the operational 
environment was much less structured than the laboratory and the degree of control 
desired therefore was limited, as noted by Meister (1985; 1999).
11.2 Utilisation of the of the tools and their usefulness for the study
With regard to the tools developed for the study, these where obtained through 
previous research in behavioural sciences and design evaluation. They were developed 
in order to provide a formal and rigorous way of combining prior knowledge such as 
experts judgement (for design attributes assessment) and those directly affected by 
organisational practices of engineering design management (participatory design).
The tools developed for the present study were produced using the job 
satisfaction scale methodology (Cook et al., 1981; Cook et a l, 1981)) and the attitude 
measurement techniques (Ajzen and Fishbein, 1980). Cook et al., (1981), for 
example, suggest that job satisfaction consists of intrinsic satisfaction with the work 
organisation, i.e. inherent in the job itself, such as recognition and achievement, and 
extrinsic satisfaction, or in other words, satisfaction extrinsic to the job, such as 
physical work conditions. These organisational aspects, which affect job satisfaction.
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were investigated in the context through the dimensions contemplated in the tools 
designed.
At the stage of development of the tools for the present research, some 
considerations were posited as important for designing a good model and strategies for 
analysing the data collected in the field study. Given the nature of the study, which 
involved uncontrolled operating and organisational variables, the main idea was to 
provide some quantitative analysis methods for supporting a qualitative approach to 
attitudes and participation.
In addition to the issue of method completeness (‘How can one be sure that 
they have thought of everything ?’), which was addressed briefly above, three major 
challenges of the method applied to the study dealt with: (a) the reliance on subjective 
judgement; and (b) the uncontrolled engineering design intervention timeline by the 
researcher; and (c) Different sites for data collection in remote offshore areas.
Attitude measurement techniques have, over the years, been refined, 
developed, and tested, based on the assumption that human beings are usually quite 
rational and make systematic use of the information available to them (Eagly and 
Chaiken, 1993). A central question for any research carried out in naturalistic settings, 
relates to the degree of confidence and compatibility of the constructed realities to be 
established with the individuals and groups who are involved in the study (Guba and 
Lincoln, 1981).
The prevailing research methodology in some fields of knowledge such as 
ergonomics and human factors, has attempted to obtain, communicate, and apply the 
‘truth’ (or at least what it is accepted as) of the results based on their validity (Meister, 
1999) and, mostly, in a positive sense (Kanis, 1994a). According to Lincoln and Guba 
(1985), the corresponding alternative support for validity is provided by credibility, 
dependability, transferability and confirmability, as earlier presented in Chapter 1.
There was no intention in the method applied to consider all of the outcomes of 
the present study for prospective design situations. However, the transferability of the 
results across contexts may be possible based on shared characteristics of the situation 
of study (Kennedy, 1979, Lincoln and Guba, 1985). Rather than attempting to ensure 
that isolated aspects equivalent across contexts were contemplated in the present 
study, an attempt was made to describe shared constructions with the subjects in the
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two offshore platforms, and the interrelationships and intricacies of the context being 
studied.
Although the results of the present study provide a description that might not 
be replicated elsewhere, the thick description that has been generated, as advocated by 
Lincoln and Guba (1985), enables researchers of other contexts to make inferences on 
the applicability of certain observations in accordance to their contexts, and to 
elaborate hypotheses for further empirical research. The new model proposed in the 
present study guided these objectives based on these assumptions.
Thus, the outcomes collected from the present study might not be applied to 
other engineering design interventions in offshore platforms. Nevertheless, they are 
worthy as a basis for further investigation. This aspect differentiates a traditional study 
in which there is the obligation on the researcher to ensure that the findings can be 
generalised to the populations; in empirical studies in natural settings the transferability 
belongs to those who would apply it into the context of concern (Guba and Lincoln, 
1981).
Lincoln and Guba (1985) advocate that research in naturalistic settings must 
provide evidence that if it were replicated in a similar sample of subjects, under the 
same (or similar) context, its findings would be repeated.
11.3 Timing for the development of a longitudinal study
Time constraints to a proper longitudinal approach also added some barriers in 
strengthening the data’s robustness. Essentially, the strategy in applying the proposed 
methodology considered the possibility for data collection at two different points in 
time, according to the original engineering design intervention timetable. Also, the 
informal interviews and walk-through in both offshore oil rigs might provide further 
insight into the aspects investigated and was carried out during 18 months. The overall 
data collection, including the industry survey, took almost two years and three months.
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The proposed examination of the development of attitudes over time in 
naturalistic settings in the present method attempted to provide an approach into 
attitudes and participation worthy of close scrutiny.
A prospective test re-test criteria to capture attitudinal changes was not 
possible because of the time intervals. This impossibility was mainly due to the delays 
in the timetable of the design intervention. Also, the difficulties of access to the 
installations, logistical support to carry on further interviews, and a consequent budget 
restrictions to a long-term work for the field study.
11.4 Quantitative and qualitative issues: sample size and 
representativeness
The design of the present study was careful to include relevant information 
pertaining to the events in the context under investigation (Bar-Hillel, 1998; Lincoln 
and Guba, 1985). This systematic use of the information gave support to the method, 
when adopting a sample of small size as in the present study. The aspect of 
representativeness of sample characteristics and population statistics, as far as it 
concerns the present study, was discussed by Bar-Hillel (1998).
It was advocated that:
“To judge a large sample more representative than a small one is to expect 
that its salient features or essential properties will better reflect those o f the 
population, in advance o f being told what they actually are” (Bar-Hillel, 1998 p. 79)
Although it may be argued that qualitative methods have certain strengths that 
are worth utilising in any study regardless of the research paradigm that guides it, that 
argument can not be supported in favour of naturalistic approaches, because 
naturalistic inquiry is not equivalent to qualitative inquiry (Guba, 1981).
It should be stressed that all observations from the data collected through the 
methods designed in the present study were somewhat speculative for obtaining
271
Participation. Attitudes, and the Design of Technical Systems Chapter 11
knowledge of the social world. Analysis of data from satisfaction and attitude, in 
quantitative terms, was complicated due to the sample size.
Nevertheless, the data were worthy due to its representativeness and capable of 
detecting expressive outcomes (Bar-Hillel, 1998). The data also may provide the 
grounding in experience that would simultaneously test the theoretical framework 
while demonstrating practical ways to manage studies in similar contexts (Stake, 
1994).
In defiance of these samples being smaller than those used in others studies of 
this kind, it represents almost the whole population of operators engaged in operation 
of the workstation considered in the two offshore platforms under study.
As Kvale (1996) stated: “Rather than let the product, the knowledge claim, 
speaks for itself, validation can involve a legitimisation mania that may' further a 
corrosion o f validity -  the more one validates the greater the need for further 
validation^... ^Appeals to external certification, or official validity stamps o f 
approval, then become secondary^.(p.252).
This aspect of the sample size gave rise to particular difficulties in 
quantitatively identifying the effects of participation in the two groups. Despite several 
general quantitative aspects were not captured to portray the relationship, if any, 
between participation and attitudes, the total population of drillers working within the 
platform Petrobras-10 and the platform Petrobras-23 might have the maximum of 10 
individuals on each oil rig. The statistical power was not reduced due to the size of the 
sample, since the study had eight (7) and seven (8) subjects respectively, but because 
the total population itself was small to provide statistical inferences. According to 
Bar-Hillel, (1998) concerning representativeness:
“...Sometimes the most important in statistics representativeness is the sample- 
to-population ratio, one example is when sampling is done without replacement and 
when a reasonably large proportion o f it is being sampled (Bar-Hillel, 1998 p. 80)
Based on the framework for data analysis defined in Chapter 5, the sample 
size in the present study provided a basis more appropriate for a qualitative research, 
rather than examining relations, quantitatively, between subjective measures of
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participation and attitudes. Whereas scientific studies tends to approach specific cases 
in order to drawn inferences about the general case, practitioners draw on knowledge 
of the general case to form interpretations of and actions in specific cases (Kennedy, 
1979).
These issues, with respect to the sample size, highlight the concept of 
significance in life sciences research where even a small difference might translate as a 
statistically significant difference, whereas significant data in a small sample can remain 
statistically non-significant (Nurminen, 1997). Validity, for example, often assumed as 
proof of isomorphism between the findings and the reality they are supposed to 
represent, may have little meaning when the real world experiences provide multiple 
constructions of the reality and exist only in mind of the people involved (Langenhove, 
1998; Lincoln and Guba, 1985).
The large amounts of data, which have to be reduced in meaningful way, was 
devised to be treated through several stages that included univariate statistical 
distributions (e.g., sample’s demographic background), two-way cross-tabulations (for 
example, job length vs. platform), and descriptive analysis of the field observations. 
Therefore, the quantification should be seen mainly as way to structure the data 
evaluation and consequent discussions of the results.
For each questionnaire, measures of central tendency for the different scales 
and sub-scales (mean, and mode) were calculated where appropriated. Also, the 
evaluation of measures of variability around the mean such as variance and standard 
deviation (SD) were calculated in order to extend the interpretation of the results.
In addition, the estimation of the deviation of the normality of results from the 
interviews in the questionnaires was obtained through the skew evaluation. Skewness 
measures to what extent a distribution of values deviates from symmetry around the 
mean. Positive value for skewness indicates a greater concentration of smaller values. 
Negative skewness means a greater number of larger values.
As extreme values tend to distort the means results for distributions of this 
nature, the mean values were not so useful for statistical inferences. The statistical 
analyses were not beyond the descriptive approach.. They were carried out according 
to the methodology, acknowledging the characteristics and size of the population 
within the platforms involved in the study.
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11.5 Contributions through the method of subjective design 
assessment
The present study contemplated the pertinent aspects present in the context, by 
adopting as reference, methods such as those proposed by Mitchell (1992), and the 
Analytic Hierarchy Process developed by Saaty ( 1980) for design attributes, and those 
proposed by Ajzen and Fishbein (1980) for attitudes assessment.. These tools provide 
a means of evaluating multiple design options, and they have already been applied in 
obtaining subjective preferences in human factors studies (Mitchel, 1992; Mitta, 1993;; 
Wei, 1998). The usefulness of these methods is the ability to provide empirical results 
in the event of a small sample and when the likelihood of obtaining meaningful 
statistical results may be restricted.
A subjective assessment regarding design attributes may help the identification 
of operator needs towards the workstation. They can feel confident if the new design 
confers usability to them based on the subjective appraisal of these characteristics. 
Together, the concepts such as self-confidence (Lee, 1992) and trust (Muir, 1989) may 
be the key for understanding the factors that guide user’s beliefs when acting as 
evaluators of new design of complex systems. If the users consistently express their 
personal choices then they are likely to maintain traditional strategies, if required, and 
to adapt for new ones. If not, the design will fail in benefiting the users with the 
capabilities provided by the new design.
The trustworthiness of the design attributes assessment was pursued via the 
questioning of the users through three different instruments: direct classification, 
matrix of design attributes, and the design evaluation. Additionally, the Kendall’s W 
test provided a ranking of the design attributes for comparison to these three previous 
tools.
The subjects’ attitudes and satisfaction with the outcomes of the design 
intervention when examined in a follow-up assessment -  carried out approximately 3 
months after the initial interviews and questionnaires application -  did not show 
substantial differences in the scores given. The finding that the engineering design 
intervention had little impact on individuals’ attitudes after 3 months was not 
surprising, since the full return to the drilling operation was complicated by delays in
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equipment procurement and technical problems in both platforms during the study 
period.
Due to the need for an extended longitudinal study it was difficult by using the 
methods to differentiate between perceived participation and real satisfaction with 
participation. Relying on numbers may offer to the researcher unlimited interpretations 
of the situation and their real meaning (Eco, 1990;). The outcomes from interviews, 
observations, and information collected by the walk through allowed a different view 
of behavioural outcomes with respect to satisfaction with participation and attitudes. 
The existing difference among the individuals participating in the study was evident 
through the verbalisations during the interviews undertaken concurrently to the 
application of the questionnaires.
The methodological constraints described above did not allow the quantitative 
capture of significant difference in the pattern of attitudes and satisfaction with the new 
workstation design. Besides the sample size, timing was critical for a proper 
longitudinal study in order to portray the influence, if any, in the measures of the 
constructs.
With respect to changes of individuals in the group, there was no turnover 
among the drillers in the period between the two data collection. This condition gave 
support to the idea that the slightly unchanged attitudes were genuine. In fact, these 
unchanged attitudes scores may be associated with lower ratings of satisfaction with 
participation than that expressed verbally by the drillers during the personal interviews. 
The interviews, in a semi-structured fashion, gave an insight into drillers’ perception of 
their influence on the changes in the workplace conditions.
While engineering professionals responsible for the design of built spaces and 
workplaces for people may be known for their willingness to make assumptions in 
order to get the job done, the field of human behaviour is one in which more research 
could contribute to better assumptions. After all, if there are not a clear and 
substantial body of knowledge in attitude related to participation in engineering design 
to provide the correct inputs (such as the contextual factors in engineering design 
management) in the existing attitudes theory models, there is little reason to expect in 
the meantime that the resulting output in the engineering design practices achieve the 
desired management behaviour.
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CHAPTER 12
General Discussions and Conclusions
ïMany peopCe are oôstinate aôout tfiepatfi 
once it is taf{en, few  people aôout 
tfie destination,
(Friedrich Nietzsche 1844-1900; German Philosopher)
12.0 General discussions
The results of the present study are relevant to the debate on technology- 
centred versus human-centred approaches. The study on the workers’ attitudes and 
the design preferences focused on the effects of participation on attitudes through the 
exploitation of data from user’s behaviour patterns. The elicitation of information with 
respect to the effects of participation constitutes a contribution to a better 
understanding of attitudes and how it can be applied to the management of ergonomic 
interventions and engineering design activities.
The results highlighted the issues related the effects of management and 
organisational factors on workers’ attitudes and the interactions resulting from the 
engineering design decisions in the development of technical systems. The regulatory 
regime for design, construction and operation imposes fairly uniform minimum 
requirements for physical aspects of the design of offshore oil and gas facilities, such as 
required safety systems. Consequently, at least for the individual engaged in offshore 
oil and gas E&P activities, the corporate culture may have a strong influence on users’ 
attitudes than does the engineering design practices itself.
The study of management and organisational factors is difficult in part because 
there is no one correct management style, corporate culture, or organisational 
structure. Rather, these various elements must be consistent with demands of the
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organisation’s environment. Participation in the workplace presupposes highly 
motivated workforce, high performance standards, and good work conditions through 
a well designed work environment.
These issues are clearly difficult to analyse, and pose challenging research 
agendas at the interface of engineering and social science. In particular, to fully 
characterise the effects of management on workers’ attitudes, better methods are 
required to characterise or measure key aspects of corporate culture, a better 
understanding of which characteristics are more conducive to good performance of the 
production systems, methods to quantify the impacts of those characteristics on 
organisational behaviour, and methods to incorporate those impacts into the 
engineering design management.
In the literature on participation variables often cited as key aspects influencing 
the organisational performance include the assignment of the decisions rights (e.g. 
centralised vs. distributed decision-making), incentive systems, management of health 
and safety in the workplace, technology management, information systems, and 
leadership styles. The importance of these variables is also supported by other 
influences on participatory modes of the organisation. It is clear historically that both 
participatory and hierarchical structures and management styles can perform well 
under specific context and the right circumstances.
It should not be a difficult task to get a feeling for corporate culture on 
engineering design practices. The prevailing management style in a particular 
organisation is dictatorial or flexible; inquisitive or defensive. The taxonomy in 
organisational behaviour and human factors area provide a rich manner to explore the 
different form of participation, but gives a wide array of possibilities to characterise 
participation. It may instil to the social inquirer that the assessment is not sufficiently 
challenging or substantive. However, what is much more difficult is to assess the 
quantitative impact of that culture.
The present results gave rise to issues associated with cognitive engineering 
aspects (Woods, 1991) to be considered in the design evaluation of drilling 
workstations. Also, the investigation of users’ participation highlighted the need for a 
behavioural and organisational approach in the management of the design process 
(Cleland and King, 1993; Wulff, 1997). The outcomes provide an insight to the
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problems regarding the adoption of ergonomics by designers in an early stage of the 
design process (Meister and Farr, 1967; Meister, 1989, Rouse and Cody, 1988; Rogers 
eta/., 1991; Bums and Vicente, 1994).
The positive attitude as a result of user’s involvement in occupational settings, 
can be increased by empowering the users to collaborate with and contribute to the 
development of design solutions within their jobs (Cross, 1998; Haines and Wilson, 
1998). The assumptions in the new model proposed in the present study included 
these possible benefits. The participatory approach means proper design management 
that implements engineering design solutions in a way that enables those involved in 
the working system to take an active role in the design decisions.
The hypotheses with respect to the new model in Chapter 4 were also formed 
as a tool for reflection and discussion on the correspondence between work 
requirements and the individuals’ attitudes. These individuals as end-users of the 
production system were under the influence of a participatory process. Therefore, it 
was licit to propose an inductive approach based on empirical observations in working 
systems such as offshore drilling rigs.
Attitudes may be not defined as what people say they believe in, but as the 
beliefs that actually condition their actions. There is much to learn from it, but we still 
have to look further into the problem of implementing participatory programs into the 
engineering design, and how to steer them towards the solution of the many problems 
concerning the introduction of new technologies.
12.1 Summary discussion of the study findings
The results of this study showed some evidence from ergonomic interventions 
in two similar offshore oil rigs. Both oil rigs participated in a major engineering design 
project to upgrade their capabilities for drilling operation on deepwater. Each platform 
took the initiatives with different management styles integrating the engineering design 
team, the oil rig management, and the drilling crew. Although the level of time 
integration differed a great deal, the interactions in both oil rigs resulted in improved 
relations and better collaboration between the end-users and the management. There 
was, though, some scepticism towards operational and technical views among the
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drillers, since the design decisions were for the most part of engineering design 
negotiations between the platforms’ management and engineering design teams.
In both cases there was also an experienced change in users’ participation 
during the design intervention, but they were compelled to place the real demands on 
design decisions in a different manners. There were other differences between the two 
offshore platforms’ intervention approaches, based on technological and organisational 
factors, and that was what the drilling teams experienced in both oil rigs and found 
difficult to cope with. What should be also interesting to note was the difference in 
perceptions of their participation and the opportunity to make decisions. This claim 
was posed by the drillers within the platform Petrobras-23, and mildly among the 
drillers within the platform Petrobras-10.
The group of drillers within the platform Petrobras-10 postulated a mixed view 
of their participation. Their mixed feelings may be explained by their participation in 
the design intervention in the driller’s cabin modifications. Their involvement in the 
ergonomic intervention occurred when most of the design decisions were taken. Since 
the design options were based on previous guidelines from the first platform to be 
upgraded (the platform Petrobras-23), they were less sceptical about the modifications 
based on the earlier experience. They noted that they had a narrow space to re-direct 
some design decisions after gaining a more consistent view of the modifications which 
had been implemented. They had gained better knowledge of the problem and the true 
needs from another perspective in comparison to the group of drillers within the 
platform Petrobras-23.
The drillers in both platforms reported their concern about the technological 
and organisational difficulties they faced during the upgrade. They observed that there 
had been difficulties to overcome, but there was any doubt about the users’ 
responsibilities to support the ergonomic intervention in particular and the overall 
platform upgrade.
A general impression from the interviews and the questionnaire responses was 
that the attitudes and intentions in both platforms were dictated by normative beliefs 
and subjective norms imposed by the organisational culture, which established 
unwritten rules of employee’s behaviour.
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This characteristic of the internal systems is reflected in studies such as 
Hofstede (1980) and Kelman and Hamilton (1989), which highlight the creation of a 
kind of exchange-based psychological contract - employee loyalty and adequate 
performance in return for security and predictable improvements- that maintained 
employee’s attitudes like commitment.
Both groups had furthermore gained understanding of future demands that 
would be placed on them and tried to influence the management towards substantial 
modification in their workplace and job demands. This learning perspective can be 
supported by the literature on organisational learning (see Brown and Duguid, 1991 
for discussions) as advocated by Wulff (1997) who sees a thorough analysis of the 
verbally reported data as an important resource to identify means to implement 
ergonomics in engineering design.
The first hypothesis -  Attitudes towards the new design would elicit positive 
behaviours among individuals with more perceived participation in the new 
workstation design -  was only partially supported. Although individuals within the 
platform Petrobras-23 had an early involvement in the discussions for improvements in 
the driller’s workstation, they did not express higher attitude scores in confrontation to 
the opinions of those working within the platform Petrobras-10. Although the subjects 
within the platform Petrobras-23 having been involved in a preliminary design 
evaluation concerning the design intervention, it is possible that attitudes might have 
been more positive had them not experienced many technical problems during the 
equipment testing and commissioning phases on the oil rig, and when returning to the 
operation location.
The second hypothesis -  that participation would influence the individuals’ 
intentions to behave towards the new workstation design -  was not supported. A high 
degree of participation was not evident from the individuals’ responses. The scores 
with respect to attitudes and satisfaction did not emphasise the individuals’ role in the 
design intervention. Inferences on participation were not possible due to no substantial 
differences in the reported satisfaction with participation and attitudes among the 
subjects in both platforms. Moreover, during the verbal interviews the subjects 
claimed a more effective participation in decisions related to their workplace. They
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expressed the advantages in participating directly in the ergonomic design intervention 
than being only passively or indirectly involved.
The decision scope of these design interventions, as typical within the 
organisation studied, involved different technical areas, and each platform management 
had a narrow margin for negotiation in the engineering design decisions. Here it is 
relevant to point out that the company has a long record of fair dealing with its 
employees, when compared to other national companies; its attitudes, as reflected in its 
socially directed employee relations has been distinctly sympathetic. Even though, the 
subjects gave ample evidence of their appreciation of and friendliness towards the 
company, complaints were voiced regarding the workers’ participation in the platform 
upgrade.
The third hypothesis -  Satisfaction levels and trust would be higher among 
individuals with more perceived participation in the new workstation design -  this 
effect should emerge as the individuals spend time within the different design stages. 
Predictions were made that the satisfaction would be different for the two groups of 
participants, but that later the trust within both platforms would evolve overtime; 
however, the results, as explained earlier, did not support these predictions. The 
subjects working within the platform Petrobras-10, who claimed a passive role in the 
modifications, received a computer-based drilling workstation. They expressed 
concern about to operate the workstation without a computing background.
The design process for large made-to-order facilities such as offshore platform 
is always subject to organisational realities, which includes time limitations and 
resources. When participation is conceptualised as a social construction of workers’ 
knowledge, with communal negotiation of its meaning, communication of the results 
becomes a worthy aspect of the participatory process. Participation has been seen as a 
source of information from workers (Urlings, 1994), but this does not mean that the 
process of generating and evaluating alternatives for design decisions necessarily has 
included workers’ opinions.
The individuals within the platform Petrobras-23, beside the problems in the 
subsea equipment for drilling, started the platform operations on a provisional basis. 
Even in considering a perceived interpersonal participation promoted by the managers 
in both platforms, in which they played as responsive agents to the ideas and
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suggestions from the drillers, a lack of managerial structure to support effective 
participation was observed.
The results, which included the drillers’ verbalisations, strongly supported these 
predictions, but the hypothesis could not be tested because participation was not 
considered as influential on the satisfaction level and trust in the new workstation.
Lastly, substantial support was found from evidence from managerial and 
organisational aspects within both platforms that the above three hypotheses would 
hold only under a macro level approach, when all technical, managerial, and socio­
economic aspects were considered together.
The results of the participation in the ergonomic design intervention was not 
fully realised in terms of attitudes and satisfaction because these constructs are 
clustered around other factors related to management styles, organisational cultures 
and technologies. Hendrick (1991) advocates that macroergonomic aspects have to be 
considered in order to achieve success in microergonomic interventions. These 
macroergonomic aspects highlight the problem of ignoring the social dimension of 
technological choices based on users’ participation, and that technical decisions 
regarding the design may be taken without value judgement by the end-users.
The attitudes results also suggested a reconsideration of the relation between 
attitudes and trust. Positive behaviour and intentions towards the attitude object is 
often linked to confidence arising from the relationship between the individual and the 
object. The users’ involvement in both platforms was reduced to opinions and the final 
installation of the new workstation on board of the oil rigs. The close relationship with 
the design team and participation in the different design stages failed to provide the 
necessary interaction with the new working system.
Individuals’ attitudes do not always represent a coherent evaluation of a set of 
cognitive or affective reactions (Eagly and Chaiken, 1993). The evaluation of a 
specific situation through ambiguous attitudes may reflect either a lack of cognitive or 
affective support or the presence of contradictory beliefs or affects.
Because the present study was concerned primarily with investigating whether 
empirical evidence for effects of participation on attitudes could be obtained, it was not 
designed to test competing hypotheses. Nevertheless, a plausible account of the results 
would suggest that the effects of participation are influenced by organisational aspects.
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12.2 Previous research
The literature review revealed recent findings on the issues addressed in the 
present study. Research carried out by Rundmo (1992a, 1992b) among offshore oil 
personnel showed that two important factors in the those working in these 
environment are perceived participation in decision- making, and freedom when 
carrying out tasks. The results suggest that the respondents in general felt satisfied 
with their jobs within installations offshore.
Concerning user’s participation and systems design, Axtell el al. (1997) and 
Clegg el a i (1996) reported significant outcomes concerning user’s participation in 
system design development and the importance of organisational factors.
Wulff (1997; also Wulff e/ a/., 1997) investigated the designer’s knowledge of 
ergonomics and how designers evaluated ergonomic design requirements and their 
preferences to be applied in large-scale engineering design. She concluded that a 
better information strategy for improvement of engineering design management should 
initially spring from the involvement of the user in the engineering design process.
Storey (1994) developed an assessment of the implementation of computer- 
based system in oil drilling operations in an oil company in Latin-America, concluding 
that the implementation of the project lacked a behavioural approach to the aspects 
associated with changes in technology within organisations. He concluded that the 
implementation of automated systems among other contributing factors for success 
should include user involvement, education and training.
12.3 Accomplishment of the objectives of the study
The purpose of this study was to investigate attitudes as a result of involvement 
of users in the engineering design of offshore platforms, the application of ergonomics 
knowledge by those different parts involved in the design and development of large 
made-to-order facilities for the oil industry.
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The development of the present research started in fact from its introductory 
study, which provided a preparatory ergonomic assessment, and the application ‘in 
situ’ of the ergonomic design recommendations into offshore platforms in operation.
12.4 Agreement with previous studies
The present study gave evidence of the importance of the user’s participation in 
the engineering design of offshore platforms. The importance of participation in the 
design of technical systems only reinforces the idea that technology is a product of 
human action. The human, as represented by design engineers, managers, and 
capitalists, determines the shape and extent of the development of technical systems. 
For instance, oil installations for exploration and production, which are combinations 
and integration of individual equipment, require a great and complex amount of human 
involvement for their construction, maintenance and operation.
Bea and Roberts (1995) noticed that research in offshore engineering showed 
that 80% of efforts in design, construction and operation of offshore installations are 
attributed to human factors and their organisational interrelationships with systems 
design, and the internal and external oil business environment.
Wulff et a l (1997) discussed that the designer’s attitudes towards the 
engineering design decisions usually take operational experiences into account. 
Regarding this issue, Bea and Roberts (1995) advocated that among the approaches in 
engineering design, which can be used to help evaluations of human and organisational 
factors, the subjective or qualitative approach should be the starting point for the 
evaluation and assessment process.
Macy et al. (1989) showed the effects of participation on attitudes in a re­
designed plant through a longitudinal study. The results provided evidence that change 
in attitudes was higher for the people who directly participated in the joint re-design 
effort than for indirect participants at the same site or for employees at a separate 
comparison plant.
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Vink and Kompier (1997) reported a participatory experiment in a naturalistic 
setting in which the individuals involved were allowed to construct their ideal work 
station and latter to compare the differences between the self-chosen workplaces and 
the old workplaces.
Anthropometric and environmental data were collected for further analyses 
concerning the old and new workplace situation. Comparison of a small sample of 12 
individuals, after selecting them according to specific study criteria, were performed in 
a lapse of two weeks. The results showed that the individual of the groups of taking 
part in an assessment in a real situation felt their role as an privileged treatment.
The authors observed that it leads to a better ergonomic adjustment in 
comparison to the situations in which employees only are instructed and trained to 
perform the evaluation, and that the employees involved as subjects in the study were 
more motivated for the ergonomic change. They conclude that experimental 
measurements in a naturalistic setting through a participative approach may contribute 
to an active dialogue between management and employees.
12.5 Contributions of the results o f the study
The results demonstrate the importance of user’s participation in engineering 
design initiatives. This approach ensures that new operating practices and the adoption 
of new technologies are compatible with well-established working methods. Also, 
user’s participation will generate a behavioural effect on the workforce, resulting in 
positive attitudes and commitment. The model proposed serves as a framework 
contemplating organisational and human factors aspects to be considered in the 
engineering design management.
This study has added important insights as to how one should to implement 
ergonomics in engineering design as proposed by Wulff (1997), who originally planned 
to undertake an investigation on platforms in operation, advocating that it would be 
valuable 7/oZ only to assess whether human factors design requirements have been 
implemented, but to evaluate whether there are human factors problems in operation 
that the requirements do not cover ' (Wulff, 1997 p. 64).
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12.6 Existing models
A cursory review of the literature confirms the multidimensional view of 
attitude and its association to the design. Rosemberg (1956) showed that a person’s 
evaluation of an object is strongly related to his/her expectations or beliefs that the 
object hinders the attainment of valued goals. Muir’s model (1987) claims that an 
individual’s evaluation of trust is related to a set of beliefs about the machine or 
system.
Wang et a i (1996) developed a multi-person and multi-variate design 
evaluation model as an attempt to produce efficient design solutions. Wulff (1997) 
offered an integrated set of models addressing the process of implementation of 
ergonomic criteria, how designers translate the users’ needs, the existing conflicts, and 
identifying means for organisational implementation.
Haines and Wilson (1998) developed a framework for implementing 
participatory ergonomics for safety and health in which participation has the concept of 
trust as key requirement for the development of participatory initiatives. The 
individuals acquire confidence and motivation as they see their influence in the 
outcomes.
The present model proposed in this thesis is permeated with some of the 
aspects included in the models cited. The model took into account the notion of 
expectation vs. valued goals and the trust developed based on these expectations. The 
model consider the importance of participation on attitudes and the beneficial 
contributions for safety.
12.7 General conclusions
In this study it was found that both drillers’ attitudes and satisfaction with 
participation changed after the design modifications were introduced in their 
workstation. From the above it seems questionable whether the platform management 
and the engineering design team took into account the work demands and user issues. 
Nevertheless, there was an element of learning in the interaction promoted by the
286
Participation. Attitudes, and the Design of Technical Systems Chapter 12
involvement of drillers, the platforms management, and the engineering design team 
when interacting in discussions about operating issues and practical aspects concerning 
the design solutions.
From the ergonomics perspective organisational improvements in the oil 
drilling activities should start at the top of the organisation through explicit policies to 
deal with issues concerning work conditions and changes in the work situations due to 
the effects of new technologies. This establishes the power base and organisational 
culture for improvements to permeate down to other levels. Although the results 
indicate that organisational issues influenced in the level of participation, no direct 
questions were posed to the drillers about this in the questionnaires. Nevertheless, 
some reflections can be made on the basis of the interviews.
The drillers were asked to describe the relationship between the management 
styles and the opportunities for implementation of ergonomic improvement. They 
were also asked to explain what participation represented to them based on the 
activities done on a daily basis.
The answers were emphatically given with perceived difference between the 
two groups. The drillers within the platform Petrobras-10 reported much more 
complaints against the management style despite their satisfaction with the results of 
the ergonomic intervention, while the drillers within the platform Petrobras-23 
responded more parsimoniously about the participation, the results obtained in terms of 
design modifications, and management style within their platform.
A more detailed analysis regarding work content and training due to changes in 
ergonomic design attributes also mentioned throughout the study was not 
contemplated in the design decisions taken by the management. The design decisions 
will be influential towards the future operation of the offshore installations. 
Nevertheless, their prospective impact in the work contents was perceived by those 
engaged in the engineering design intervention.
The project members seemed more interested in ergonomics issues as the 
follow up of the project and the preliminary interviewing process were being 
conducted, but a general impression was that the meaning of ergonomics and the final 
consideration of ergonomics issues was barely acknowledged.
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12.7.1 Participation’s contributions for engineering design
If participation may be considered important in producing effective engineering 
design, academic research shows that it also plays an important role in ensuring that 
organisations maintain, or even improve core processes (Wang, and Ruxton, 1998). 
Users’ participation in engineering design is more than just asking people about 
technical aspects: it can be an essential feature of an organisation’s change and 
development process.
This process of participation is not limited to the technology and engineering 
functions since participation typically involves a large number of staff divisions and 
business units. In particular, the role of the middle management and supervisors as the 
link between top management’s vision and operational reality is underlined.
Companies can support organisational learning through participatory initiatives^ 
the resulting accumulation of knowledge encourages the creation of new opportunities 
for the organisation s growth. While some of the key success factors for innovation 
and engineering design involve the project itself, others implicate project management 
and others actors within the organisation which houses the project.
But some authors (e.g. Eason, 1982) suggest that the participation of users in 
the design should be understood by the management as a manner of boosting the 
development of knowledge internally. This understanding is advantageous to nourish 
the engineering design development process according to the organisation’s needs.
This line of thought in the present research highlights the social dimension of 
participation, both within and across organisations which work together, as typically 
seen within the oil industry. It seeks to demonstrate that participatory processes in 
engineering design are boundary - spanning activities in which stakeholders need the 
input of others within the organisation.
This design management approach may be considered a disciplined problem­
solving: disciplined because of the engineering management’s mandate, and problem­
solving because of decisions made at a project team level, involving end-users.
Thus, this participative approach establishes an integrated community inside the 
organisation structure, with its own behavioural rules and norms. In the context 
studied, the alternative for a formal participatory engineering design cannot be
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understood as a rational process, but rather as an exercise in political judgement of 
employee-organisation relationship, diplomatic skills to promote motivation and social 
interaction within the workforce, including the management and end-users of the 
technical systems. Also, the social dimension of engineering design for large made-to- 
order oil rigs generates a set of issues for oil companies, manufacturers, design 
consultants and even the regulatory bodies (see Appendix I).
It requires the organisation’s management to co-ordinate the technology, 
economic uses, work practices, and policies in which includes other partner 
organisations, given the prospective impacts that complex installations for oil and gas 
may confront in the future.
12.7.2 Management attitudes to promote participation in engineering 
design
From a purely descriptive standpoint, it is clear that top management within the 
oil industry are talking and acting as if they now have a plain relationship with their 
employees and other organisation-parties within the oil industry. Phrases like 
partnership, internal stakeholders, and employee participation are commonly employed 
in their annual reports and corporate statement. But before qualifying these attitudes 
and relationships as trustworthy, it is useful to assess in depth the empirical data, as 
was regarded in the present study.
There is a trend toward supportive attitudes on the part of employees in order 
to enhance the work conditions in the production environment where they are engaged 
based on an expected utility of these contributions. In the same way companies within 
the oil industry, mainly due to competition pressures, are more receptive to this 
employee involvement, which include health, safety and environment issues.
Because the organisation expects a change in attitude when employees are 
involved in their decisions, some companies realise that employees need to develop 
their competencies and that this requires the user’s involvement in technical decisions 
to ensure faster development of business and to improve their technological base.
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A report published by HSE (Haines and Wilson, 1998) takes a clear stand 
toward the idea that participation is necessary in the relationship between employee 
and organisation, to improve safety and health issues in the workplace. External and 
internal pressures favour this relationship. It notes that participation has become an 
alternative which should be based on trust and open relationships within the 
organisation (Haines and Wilson, 1998).
12.7.3 Concluding remarks of the study
The model proposed in the present study acknowledged the influence of 
internal and external factors affecting the attitudes of those involved participatory 
initiatives in engineering design in the context studied. It was possible to make a finer 
distinction with regard to external factors such as the undeniable speed of 
technological advancement mainly in the offshore oil industry, and others that are more 
subjective or ‘soft,’ such as the influence of organisational culture and norms.
Participation as an external variable acting on the individuals, in fact, brings a 
load of influential determinants, which includes the external environment, 
organisational culture, and contingent choices and decision-making. Thus, attitudes in 
this context is pressured by the indigenous elements that are amalgamated in the 
participatory process.
As a conclusion, this study arrived at a set of three salient categories that 
appear to influence the organisation and individuals within the E&P oil industry toward 
the adoption of participatory approaches in engineering design: environment pressures, 
social beliefs and norms, and organisational choices. Figure 12.1 below summarise 
these conclusions
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f  Environmental Pressures^ Social and Industry Norms
Competition
Time
^Technology
Organisaional culture 
Industry characteristics 
HSE Legislation
Organisational Choices
Risk reduction 
Global oil market 
Benchmarks
PARTICIPATION IN 
ENGINEERING DESIGN 
ADOPTION
Fig. 12.1 Salient categories influencing participation in engineering design in the oil 
industry
• Environmental pressures
Broadly defined, the external environment is the generic economic, political, 
cultural and technological context in which the oil companies are engaged. Concerning 
to the attitudes expected to be assumed by these organisations with respect to 
incorporating participatory approaches the following factors are regarded as 
influential: competition, time and technology.
These three factors — competitive pressure, reduced time and complex 
technology — are provoking many oil companies to re-evaluate their engineering 
design strategies and seek alternatives. When participation is incorporated as a 
management alternative, it is possible to effectively to decrease the pressures of these 
factors across a set of resources.
Competition is perhaps the most important factor to put the organisation under 
pressure. Oil companies appear to be in an unrelenting situation and are forced to 
continually develop new ways of staying abreast of the competition and on the cutting 
edge of the technology.
Time is the common drive force in the oil industry. There is a need to reduce 
oil fields development time, as faster development projects provide crucial buffer 
against competitive pressures.
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Technology is another factor to promote pressure on the organisations within 
the oil industry. The growing variety of technology and the complexity of oil and gas 
production that originates from R&D areas incorporates more complicated production 
process, mainly in offshore activities.
• Social and industry beliefs and norms
The social and beliefs and norms represent a set of expectations which 
prescribe the behaviour of the members of a group, specifying what the members 
should do, under given context and circumstances. The cultural asset of an 
organisation involves the shared values, attitudes and beliefs that are held by the 
individuals within an organisation or occupational group, and cannot be isolated easily 
from factors existing in the context (Hofstede, 1980).
Generally, it is difficult to find co-operative relationship between the 
management and employees in the engineering design activities in the oil and gas E&P 
industry because cultural norms within the oil industry predispose those involved in 
these environment. Because they are an important part of the human behaviour, norms 
are also common and exist in various dimensions. Some cultural norms can be 
identified in a specific work environment and appear to govern acceptable behaviour in 
work groups. These cultural norms communicate expectations and have a significant 
effect on the behaviour of the individuals and, therefore, an organisation.
As a conclusion, this study acknowledge that the oil industry characteristics, 
the legislation system related to industrial relations and health, safety and environment 
(HSE) are decisive for shaping the development of participatory approaches.
The industry characteristics are influenced by its levels of competition This 
influence impacts the existing norms beliefs and behaviour in an organisation. To 
extent that an organisation is engaged in a global market, it is understood that its best 
practices tend to emulate across national borders. In the oil industry these practices 
are grounded on norms of competition and adversarial bargaining. Therefore, the 
cultural norms are not effectively conducive to a participative relationship.
The legislation system regarding work relations and HSE issues are designed 
to guide the behaviour of individuals and organisations. These systems represent a 
formal set of prescribed behaviours. These legal and normative systems incorporate
292
Participation. Attitudes, and the Design of Technical Systems Chapter 12
both constraints and inducements towards participative approaches, and the 
management consider them powerful factors that need to be taken into account when 
making decisions.
These systems can also facilitate the development of co-operative arrangement 
between the organisation’s management and the employees. For example, the 
engineering design intervention in the present context was decided by the organisation 
studied following recommendations of the existing legislation.
•Organisational choices
The actions taken by the oil company studied translated the practice of the 
management generally shaped by manifest external and internal forces, which act on 
organisations in different manners. It can be realised that managers in the oil industry, 
particularly in the E&P segment, employ a classical strategy-making process to arrive 
at a set of decisions about their business. In the context studied — the upgrade of 
offshore oil rigs for deepwater — the involvement of users was seen as benefit to the 
organisation in order to reduce uncertainty to the engineering design intervention as a 
whole.
Certain strategic decisions and choices which include the workers’ participation 
in decisions reflect organisational preferences that may not be preordained by the 
environment. For instance, risk reduction and uncertainty are significant factors in 
management’s decisions. In the context studied the risk may be translated in terms of 
resources outlays (personnel, time, financial cost involved in the platform operation).
When participation is fostered in the employee-organisation relationship, risks 
on both sides are absorbed in the new dynamic of trust that is developed in the 
relationship. The global market and internationalisation of the organisations promote 
the tendency for companies to benchmark the practices of leaders in their own 
industry. These management attitudes include practices and policies for health, safety 
and environment. To achieve high standards at international level, the organisations 
will depend on the engagement of their employees. Thus, participation of operational 
personnel, engineering team and the management in initiatives to improve existing 
production systems and those to be designed will be pursued by the organisations.
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The fast pace of the technology, which has been applied in these maritime 
workplaces for oil and gas E&P gives an opportunity to analyse ongoing processes in 
disciplines dealing with diversity and variability of the human behaviour. However, 
especially in the area of engineering design and ergonomics, some limitations are posed 
since the technology-oriented approach is frequently embraced as the core issue to 
solve problems related to production systems. According to Vidal (1993) security may 
be a criteria for technological evaluation in which people involved in the context 
participate in the transformations of their environment.
Therefore, the theoretical and practical approach regarding participation effects 
on attitudes was an attempt to organise the facts in real work settings: the oil drilling 
rigs and the design of their operating systems.
Participation requires the type of careful preparation that demands more time 
than organisations unfamiliar with the approach tend to anticipate. It is advisable to 
read and discuss widely, plan carefully and build flexibility into the organisation in 
order to achieve a true organisation change towards participation
12.8 Recommendations for future research
In this study, a qualitative analysis about the relationship between users’ 
participation in engineering design and their attitudes was performed. Safety emerged 
as a notable outcome. The study has revealed a possible relation between users’ 
expectations, participation and organisational factors. In the assessment of the 
implementation of an ergonomic design intervention the detailed aspects of 
organisational factors in the engineering design were not taken into account, but 
acknowledged that they did emerge during the development of this study.
Designing for safety must be centred on the collective work-related perceptions 
and viewpoints of the workers. These perceptions form a meaningful basis for 
participatory approaches for engineering design. There are far-reaching implications, 
not only for research, analysis and intervention, but also for the management of 
organisations running complex, high risk production systems like the oil industry.
Thus, the assessment of organisational issues on effects of workers’ 
participation in engineering design will, in turn, contribute to the attitudes assessment 
proposed in this thesis.
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APPENDIX I
Survey: Assessing application of ergonomics within 
the oil industry
1.0 Introduction
The aims of this appendix is to describe in very broad terms the observations 
collected through Questionnaire IV. The increasing amount of standards to 
engineering design within the oil industry, particularly those applied to maritime 
facilities for exploration and production activities, raises the questions with respect to 
the inclusion of ergonomics as a criteria to be applied when designing those facilities. 
The adoption of these ergonomic criteria was investigated through a survey among 
manufacturers and engineering design consultants involved direct and indirectly in the 
development of the upgrade carried out on the two offshore platforms under study. 
Interviews with the oil companies’ representatives completed the survey.
The interviews were carried out in alternate periods during two years, 
according to availability of the individuals targeted in the design of the interviewing 
process. The interviews were carried out among three manufacturers, three major oil 
companies, and five engineering design firms. Also, two institutions with an active role 
in regulations and research related to the oil industry were included among those 
interviewed. Thirty nine (39) individuals were interviewed. They were representative 
of manufacturers (11), oil companies (9), engineering design firms (15), and regulatory 
institutions (3) with key positions towards design management, product development, 
and normalisation and standards.
It is worthy to note that, Questionnaire IV  was used as a guideline for the 
interviewing process. A tape recorder was used when it was allowed by the 
interviewees and notes were taken during the conversation to permit a more accurate 
comments later on. The survey focused on opportunities to investigate representatives 
involved in engineering design and product development for E&P installations and to 
obtain an overview of the adoption of ergonomics in design. Further, the interviews
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gave the opportunity to discuss informally recent advances in technology and what 
might be relevant to ergonomics in the engineering design of oil rigs.
2.0 Demographic data analysis and background characteristics
The interviews were carried out using the Questionnaire /F  developed with this 
purpose. It consisted in eleven open questions. The questions provided an insight 
regarding ergonomic design criteria applied in made-to-order projects of equipment, 
systems or offshore facilities for oil and gas exploration and production. 
Representatives from different levels of the organisation hierarchy were included, 
selected randomly, as preliminary contacts were undertaken along the study.
SURVEY
ERGONOMIC DESIG CRITERIA
INTERVIEWS
• T ■. t ------  — ^ - - - - — -— - - - - -  -  --- -- -■ - - - - -
— -  - -
Managers Engineers Marketing Product Designers total
Development
#  Manufacturers 3 3 2 2 1 1 1
#  Oil Companies . ................ 3 4................. - 1 1 9
•  Engineering 3 2 2 3 5 1 5
Design Firms
•  Regulatory 1 2 - - - 4
Institutions
Table 1 - Representatives’ profile in the interviews
Type of Company ) 
Oil Company (3)
Location
Norway
USA
UK
Representatives’
Interviews
2
4
3
Manufacturer (3) Norway 3
USA 5
UK 3
Regulatory institution (2) Norway 2
USA 1
UK 1
Engineering design (5) USA 9
UK 6
Table 2 - Type of company and location
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3.0 Outcomes from the survey
The applications’ ergonomic criteria among manufacturers, oil companies, and 
engineering design firms for E&P are still ineffective to tackle important aspects 
related to human factors existing in offshore facilities. Results based on the interviews 
among representatives of these segments suggest that the implementation of ergonomic 
requirements in the design of equipment and oil drilling rigs are still neglected, in 
different degrees, and in all phases of the design development.
As stated by some interviewees, the implementation of ergonomic criteria on 
the design of equipment and systems for drilling facilities is of major importance to the 
current state-of-the-art offshore activities. The ergonomic approach to the systems’ 
design should be fitted well with the time schedule of the project phases. Ergonomics 
should be included in the design basis memorandum and the design specification. 
However, the time span currently allowed to human factor considerations is slightly 
limited. The information available in the market concerning equipment and systems 
must be considered carefully because many products have been offered without some 
design integration criteria.
Most of the interviewees expressed concern with the issues included in the 
discussions, but they recognised that ergonomics is still missing in the day-to-day 
practices within the industry. Representatives of the regulatory institutions expressed 
their concern in providing guidelines to the industry to ensure that risks to people’s 
health and safety from work activities in E&P are properly managed through the design 
of its installations.
When asked to describe and evaluate the drilling work conditions in general, 
most of the interviewees agreed that the cost for manning a drilling rig has become 
highly visible in the drive to reduce the overall cost of drilling operations. Many of the 
tasks are labour intensive, requiring considerable manual handling of heavy and 
slippery loads on the drill floor. Safety is a major concern for the operating oil 
companies. Accidents on the drill floor are frequent and invariably serious enough to 
register as a loss in time production and a raise in financial costs from the accidents’ 
compensation. A common consensus from the interviews is that the key benefits of the 
implementation of ergonomic criteria for a design must be pursued as an effective way
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of improving safety and performance, and the reduction of stress among employees 
and also the cost of accidents.
3.1 Manufacturers: Implementation of ergonomic design criteria
For this present research, interviews were undertaken within drilling equipment 
and systems manufacturers. The outcomes from the interviews among equipment 
manufacturers showed that relevant aspects for design, manufacturing, and 
maintenance have been handled by design engineers with emphasis on technical 
specifications and other customer requirements, but without a formal commitment and 
knowledge of ergonomics as criteria to be included into the design process.
Some of these manufacturers provided, through their marketing managers’ 
interviews, helpful information from the existing Marketing Information System (MIS). 
Also, technical and promotional material was collected. They pinpointed that in this 
market it is very important to build a long-term relationship with customers, and 
ergonomic designs based on customer needs have been pursued through close contact 
with operating oil companies.
Despite recognising that the implementation of ergonomic criteria for the 
design of drilling equipment can offer an increase in safety and productivity in the 
overall drilling process, manufacturers are still looking for changes in the market with 
respect to ergonomics. Considering the demand for improvements in the workplace, 
the progress of their implementation in the design of oil rigs has been steady and slow. 
A key reason for this is that although many manufacturers of drilling equipment are 
focusing on a prominent target market —the offshore oil rigs market — the cost 
associated with the construction or even the upgrade of those facilities follows the 
fluctuation of investment in the oil and gas market. Thus, the drilling equipment 
manufacturers’ attitude drives them to only see the market opportunity in terms of 
capital expenditure and operating expenditure, and the ergonomic design requirements 
for new products is neglected.
Basically, the market has three leading industry areas sharing this international 
market: The United States of America, United Kingdom, and Norway. Most of them 
are manufacturers of made-to-order equipment and systems. Generally, most of these 
companies are engaged in the development of new products. They apply market-
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oriented approaches. However, ergonomic design criteria are not always present in 
their marketing strategy. Recent product development, which brought some 
ergonomic design improvement, came from drilling operating companies who identify 
a need they have to introduce differentiation to their products and services. According 
to that, the manufacturers then try to motivate traditional and potential customers to 
become the lead-users of these new products, also starting the market introduction 
among other companies.
The Norwegian companies have the occupational safety-centred Scandinavian 
legislation as an additional support for the implementation of ergonomic design 
criteria. For instance, manual material-handling tasks in drilling were basically 
eliminated in Scandinavian countries like Denmark and Norway. In Norway, the 
Norwegian Petroleum Directorate (NPD) established regulations with respect to 
ergonomics and all the oil industry must comply to specific procedures.
The manufacturers in the United Kingdom are concentrated mainly in Scotland, 
and the ergonomic requirements are followed through regulations established through 
the regulatory institution: Health and Safety Executive (HSE). There is no 
enforcement for compliance to the regulations and the commitment is pursued through 
the manufacturers’ internal policies, in accordance to these regulations, regarding 
safety and health aspects of their products.
In the U.S. the drilling equipment manufacturers have different strategies for 
the implementation of ergonomics in the design of their products. It is usual to the 
U.S. manufacturers to allocate product managers under a marketing manager’s general 
orientation. These product managers are assigned to manage this specific equipment 
with emphasis in the promotion of technical features, but without emphasis in 
ergonomics. Although the R&D staff within product development are responsible for 
further ergonomic improvement, they are not usually assigned for technical support of 
those new products already developed; the customer feedback is limited to those in 
charge of design and marketing. A product manager mentioned:
"...While the choice o f technique employed in E&P systems by an operator 
can change, this may affect only the adoption and diffusion o f new product design, 
not the appearance o f a specific innovation,... " "...for instance, top drives as an 
equipment that reduce manpower efforts has not been applied in all oil rigs. "
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This manager has been involved in the early phases of the development of 
drilling equipment. He has participated in decisions regarding the introduction of 
material-handling equipment on the drill floor. To him, this is the right time to take 
ergonomics into account in the design of the oil rigs because the market has been 
sensitive for gains in productivity and safety when introducing resources for reduction 
of human effort on the drill floor.
An engineering manager reported:
"The technical opportunity for introducing ergonomics has been through the 
responses to demand recognition. Oil companies and contractors are demanding 
technical solutions, which can create alternative to optimise their E&P projects or 
improve their overall business, including health and safety '. ”
As technical support engineer, he supported the idea that many oil companies 
and contractors are demanding ergonomic requirements when evaluating a supplier’s 
offer for equipment or drilling systems. He observed that the negotiations now are 
involving these issues. However the conditions of the project are still prevailing in the 
final design decisions by the contractor.
3.2 Engineering design firms: Changes in design towards ergonomics
The interviews with professionals within engineering design firms were focused 
on the total oil rig needs, the potential implementation of ergonomic design criteria in 
the early stages of the design process, and the application of ergonomic guidelines for 
systems development. Managers within these firms highlighted that sources for 
fundamental changes on design approaches which promote the implementation of 
ergonomic criteria in the oil industry are scarce since requirements posed by oil 
companies present disparate differences. However, some useful information about oil 
companies’ preferences for design attributes has been developed for offshore 
production facilities.
For oil drilling, the improvements in ergonomic design criteria may be 
promising since the oil rig operations in deep water are being now examined from a 
total life cost and not purely from the traditional capital expenditure or operating 
expenditure point of view. Informative promotion has been developed to tell the
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potential customers about the benefits and uses of the concept of ergonomically 
designed systems.
An engineering manager in a designer consultant firm reported:
"Everything that we know about ergonomics points to the fa c t that oil companies and 
contractors are the primary determinant o f  success fid design o f  E&P facilities...'’' "... What 
is important is what the clients need or want rather than the willingness o f  the engineering 
design consultants... ”
Another design manager said:
“Changes in the relative prices o f  factors o f  production affect the introduction o f  
human factors-based initiatives in the engineering design, which has long been set forth as 
inducing a factor-savings bias in the technological changes in E&P systems. "
In other words, ergonomics and innovative design may be considered with 
more emphasis by engineering design firms according to the demand. They noted that 
the adoption curve for new design alternatives in this market is too flat. The early 
adopters and innovators should be nurtured, usually relying on technical meetings, 
information exchange between professionals and scientific publications related to 
technologies and innovations in the oil industry. Previously, the oil companies 
developed in-house system architecture and defined their detailed specifications, and 
subsequently requested their suppliers to provide a comprehensive proposal. As a 
result, the engineering design firms were to a large degree prevented from using their 
standard product already developed or even to offer new systems or products in 
development phase.
3.3 Oil companies as customers: Leading the changing process
The drilling equipment, systems, and onshore and offshore facilities for E&P 
are made-to-order products. A made-to-order facility for oil drilling is an expensive, 
large and complex engineering structure, made up of many subsystems, which must be 
integrated to form a complete working system. The interviews among oil companies’ 
representatives provided some insight in management approaches for changes in the 
design of drilling systems. First of all, pricing in this industry is always associated to 
market momentum: when the oil price goes down, strong effort and flexibility are 
required by the oil companies managing each project’s budget. Also, based on the
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current stage of these drilling equipment and systems in the market life cycle, the price 
level is high.
Managers observed that oil companies are keen to innovate because they are 
interested in maximising their profits in the short term. When asked about ergonomic 
improvement in drilling rigs, managers answered that there is a favourable managerial 
attitude toward technical changes, and a concentration of technical specialists 
advocating the innovation process such as the introduction of drilling automation in the 
oil rigs. Innovations come to the drilling activities in two ways: they may be generated 
or adopted. For instance, new technologies have been developed in partnerships 
between oil companies and manufacturers. Innovative design is a process which 
results in an outcome — a new product, service, or technology. The innovation 
process involves the stages of idea definition, project definition, design and 
development of the product or service and marketing and commercialisation. Oil 
companies are influential in each of these stages as major customers.
The short-term results approach in the oil industry environment influences the 
acceptance or rejection of products and services for drilling activities. The rate of 
adoption of new products and services due to competition is high, as well as the speed 
of adoption, i.e., the speed with which oil companies adopt new products after their 
first introduction elsewhere. It reflects the company’s responsiveness and its ability to 
adopt innovations quickly in relation to its competitors within the industry.
The companies in the oil market behave as a virtual enterprise encompassing 
the partnership among service companies, drilling operators, contractors, and suppliers 
working in shared financial efforts towards new projects. When developing a new 
drilling project, efforts are co-ordinated to join oil rig, technical services, and 
personnel. This latter condition opens the opportunity for selling new products and 
technological innovations, such as automated drilling equipment.
3.4 Regulatory institutions: Promoting safety and health practices 
through ergonomic design
Clearly, these new attitudes reflect more than merely the influence of the 
governmental bodies, regulatory entities, or companies’ policies concerning health and 
safety issues, but in a highly competitive environment it provides ample justification for
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new policies which emphasise the importance of human factors and ergonomics, and at 
the same time minimise the potential side-effects of technology’s demand-pull on 
workplace conditions and productivity.
A product manager asserted:
"The legislation and the management awareness has been evolved fo r  a safer and  
well designed work environment, which gives priority to human factors... "
What is needed to sort out the health and safety issues and improve the 
formulation of ergonomic initiatives in the design of E&P installations is an approach 
in terms of macro-ergonomics, which goes beyond simply considering the motivations 
of individual firms to undertake engineering design projects without taking into 
account the nature of the safety and health problems posed by technological 
innovations on the workforce.
4.0 Discussion: Ergonomics implementation within the oil industry
Offering a new approach for the design of drilling equipment in the oil industry 
involves at least five customer needs: quality, installation, service, accessories, and 
warranty. Usually oil companies are not price sensitive for new technologies. It 
happens because of the comparison difficulties and the possibilities to share costs in 
partnership with other oil companies for a new E&P project. However, the capital 
expenditure and overall operating expenditure will limit their investment level in new 
equipment.
New technologies for E&P are in some sense called forth or triggered in 
response to demands for the satisfaction of certain operating needs, and ergonomic 
issues have been raised as technologies have challenged the management to the 
solution of pressing economic and social problems. Economic pressures for E&P cost 
optimisation has favoured the introduction of new technologies such as automation and 
computer-based systems.
Participation. Attitudes and the Design of Technical Systems Appendix I
4.1 Ergonomic criteria: Oil companies
The data collection among oil companies, as main customers for contracting 
engineering design services, construction, and operation of offshore drilling rigs 
provided a valuable insight in a segment of the industry where the range of actions in 
business decisions are continually altered by the course of technical progress and 
market demand.
Within the oil industry decision-makers operate on the basis of expectations of 
future profits, no substantial change in their business will be undertaken unless there is 
some reasonable expectation that there exists a demand sufficiently strong to justify 
that expenditure. Ergonomics and human factors issues in a technologically 
sophisticated industry, with a range of versatile technological skills required in the 
workforce, influence the company’s management attitudes towards the improvements 
in health and safety.
It seems clear that no oil company is going to admit to having engaged blindly 
on issues concerning safety and health, giving no thought at all to the profitability of its 
initiatives. Nor is it realistic to expect an oil company to adopt without entrepreneurial 
vision in such an attitude.
4.2 Ergonomic criteria: Manufacturers
In conducting the personal interview with company managers and technical 
personnel, concern was directed to the recognition of potential demand and feasibility 
of ergonomics in the design of new products, equipment and systems. Some large 
manufacturers for drilling equipment, who can afford ergonomics expertise into 
product development, demonstrate the application of in-house design for usability trials 
in identifying alternatives for design that may be more cost-effective. Usually the 
ergonomic issues are only recognised when operating problems are met. In practice, 
manufacturers ignore that ergonomic factors requires long-term approval. The 
acceptance of a equipment or system lies with users developing an affinity for the 
product and a belief that it meets their needs. Further long-term failure works against 
efforts to develop the establishment of user trust in equipment. When it happens the
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manufacturers then try to identify the problems, deciding later on modifications or even 
removing from the production line.
An engineering manager reported:
“ We have already many innovations in terms o f  engineering design to be applied in 
the oil industry, the adoption o f  design solutions, including ergonomics, is based only in 
market demand. "
The question raised from this point of view is whether an innovation introduced 
because the demand for a safer product or system has increased or because 
technological improvements now make it possible to sell the product on a competitive 
basis. In fact, the demand approach reflects an insufficient appreciation for the 
innumerable factors in which changes are continually altering the profile of needs in the 
production environment. A whole range of stimuli is important when introducing 
ergonomics in the E&P environment, not simply the market demand. Moreover, any 
careful study in engineering design and product development is likely to reveal a 
characteristically iterative process, in which social and economic pressures regarding 
safety and health are responded to.
Technological change and development of new equipment and products occur 
at the machine component level of the system, but at the same time these alterations 
affect the requirements facing the workers by changing the allocation of tasks between 
the man and the machine, and by changing the occupational hazards.
4.3 Ergonomic criteria: Engineering design consultants
New design alternatives have helped oil companies in finding innovative 
solutions demanded by the economic pressure. The most successful design must 
reduce the drilling personnel to unnecessary safety hazards.
During the interviews, the engineering design representatives argued that in the 
development of oil rigs, with an increasingly diverse range of equipment, it became 
difficult to find one standard package to suit all the well drilling, completion, and 
workover operations. Safety and health issues have been included in the overall 
discussion for each project leading to new specifications.
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Ergonomics and human factors aspects in the design of drilling rigs have 
benefited from the utilisation of computer-aided design tools. Larsen et al. (1991) see 
computer-aided design (CAD) techniques as a suitable medium for incorporating 
complex ergonomic data that can be manipulated by designers. It was corroborated by 
Mattila (1996) who advocates that CAD techniques clearly offer alternatives for 
integrating ergonomic knowledge into the design process. An improved design of the 
driller’s line of sight might reduce risk in heavy material handling work.
The design theme for performance improvement and emphasis in ergonomics 
has been the introduction of computer-based information systems for monitoring and 
controlling the drilling tasks. The mechanisation on the drill floor has also been part of 
these efforts.
5.0 Conclusion
Most of the time, upgrading or refurbishing oil rigs may be associated with 
unsuitable design. It requires efforts for modifying designs to cope with problems not 
anticipated by designers. If ergonomic design criteria are considered in the early stages 
of the engineering design, many of the problems encountered on the oil rigs could be 
eliminated or at least reduced.
Ergonomics may succeed in the E&P because the pressure to improve safety 
and efficiency will continue to grow as legislation and workforce demand a better 
working environment. A number of benefits can be gained by integrating ergonomics 
into the design of oil rigs.
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APPENDIX II
Descriptive statistics of participants’ 
responses in the field study
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APPENDIX II
IL A l Descriptive Statistics: Means
QUESTIONNAIRE II 
•  Platform PETROBRAS 10
I Scales for Satisfaction and Participation Platform: PETROBRAS 10 |
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Workplace
Design
Involvement
Desire for Participation (1.1) 
Being involved ( 1.2) 
Frustration if  apart ( 1.3) 
Feelings if  not involved ( 1.4) 
Involvement in design (1.5)
6.28
6.42 
4.14
4.42 
5.28
.7559
.5345
1.3452
1.7182
1.7995
.5714
.2857
1.8095
2.9524
3.2381
.2857
.2020
.5084
.6494
.6801
5 - 7
6 - 7  
2 - 6  
2 - 6  
3 - 7
Scales for Satisfaction and Participation Platform: PETROBRAS 10
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Personal satisfaction (2.1) 6.42 .5345 .2857 .2020 6 - 7
Intrinsic
Self- esteem effects (2.2) 4.57 1.3973 1.9524 .5281 2 - 6
Motivation Pride for taking part (2.3) 6.57 .5345 .2857 .2020 6 - 7
Suggestions acceptance(2.4) 4.57 .6494 2.9524 .6494 2 - 7
Sense o f achievement (2.5) 6.57 .4629 .2857 .2020 6 - 7
New ideas generation (2.6) 6.43 .5345 .2857 .2020 6 - 7
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Scales for Satisfaction and Participation
Dimension Sub-scale
Changes in workplace (3.1)
Freedom for opinion (3.2)
Workplace
Design Recognition (3.3)
Satisfaction
Opportunity for skills (3.4)
Work management (3.5)
Attention for suggestions (3.6)
Platform: PETROBRAS 10 |
Mean S.D Variance S.E. Min-
Max
6.00 .8165 .6667 .3086 5 - 7
6.00 .8165 .6667 .3086 5 - 7
6.00 .8165 .6667 3086 5 - 7
6.00 .8165 .6667 .3086 5 - 7
5.43 '9759 .9524 .3689 4 - 7
5.71 .4880 .2381 .1844 5 -6
| Scales for Satisfaction and Participation Platform: PETROBRAS 10
Dimension Sub-scale Mea
n
S.D Varianc
e
S.E. Min-
Max
Freedom for opinion (4.1) 3.71 .7579 .5714 .2857 3 - 5
Job
Responsibility (4.2) 4.00 .8165 .6667 .3086 3 - 5
Characteristics Recognition (43) 3.43 1.1339 1.2857 .4286. 2 - 5
Opportunity for skills (4.4) 3.57 .9759 .9524 .3689 2 - 5
Work management (4.5) 3.14 .3780 .1429 .3780 3 - 4
Attention for suggestions 
(4.6)
3.71 .9512 .9048 .3595 3 - 5
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| Scales for Satisfaction and Participation Platform: PETROBRAS 10 |
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Involvement (5.1) 6.00 1.1547 1.3333 .2266 5 -7
Team satisfaction (5.2) 6.00 1.0000 1.0000 .3780 5 -7
Ergonomics
Awareness Accidents rate (5.3) 5.86 .5774 .3333 .2182 4 -7
Teamwork motivation (5.4) 5.62 .5175 .2679 .1830 5 -6
Management (5.5) 5.42 .9759 .9524 .3689 4 -7
Attention for suggestions (5.6) 6.57 .5345 .2857 .2020 5 -7
| Scales for Satisfaction and Participation Platform: PETROBRAS 10 |
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Driller’s Line of sight (6.1) 6.86 .3780 .1429 .1429 6-7
Control Design (6.2) 5.86 .8997 .8095 .3401 4 -7
Display Design (6.3) 5.29 .7559 .5714 .2857 4 -6
Contr. Display location 6.4) 5.71 1.253 1.5714 .4738 4 -7
Label and Instructions (6.5) 6.14 .8997 .8095 .3401 5 -7
Level of
Importance 
of the
Driller’s Protection (6.6) 6.57 .5345 .2857 .2020 6 -7
Design Seating (6.7) 5.57 .5345 .4762 .2020 5 -6
Attributes
Workspace (6.8) 6.14 .6901 .4762 .2608 5 -7
Warning Systems (6.9) 6.00 .8165 .6667 .3086 5 -7
Driller’s Lighting (6.10) 6.14 .6901 .4762 .2608 5 -7
Environm. Control (6.11) 6.57 .7868 .6190 .2974 5 -7
Attention for suggestions (6.12) 6.14 .8997 .8095 .3401 5 -7
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APPENDIX 11
II.A.2 Descriptive Statistics: Means
QUESTIONNAIRE II 
•  Platform PETROBRAS 23
I Scales for Satisfaction and Participation Platform: PETROBRAS 23 |
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Workplace
Design
Involvement
Desire for Participation (1.1) 
Being involved ( 1.2) 
Frustration if  apart ( 1.3) 
Feelings if  not involved ( 1.4) 
Involvement in design (1.5)
6.37
6.37 
6.12 
4.25 
5.87
.9161
.5175
.8345
1.8323
1.1260
.8393
.2679
.6964
3.3571
1.2679
.3239
.1830
.2950
.6478
.3981
5 - 7
6 - 7  
5 - 7  
1 - 6  
4 - 7
Scales for Satisfaction and Participation Platform: PETROBRAS 23
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Personal satisfaction ((2.1) 6.25 .5175 .2679 .1830 6 - 7
Intrinsic
Self- esteem effects (2.2) 4.12 2.031 4.1250 .7181 1 - 6
Motivation Pride for taking part (2.3) 6.62 .5175 2.679 1.830 6 - 7
Suggestions acceptance(2.4) 5.62 1.8323 .8393 .3239 4 - 7
Sense o f achievement (2.5) 6.75 .4629 .2143 .1637 6 - 7
New ideas generation (2.6) 6.00 1.3093 1.7143 .4629 3 - 7
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| Scales for Satisfaction and Participation Platform: PETROBRAS 23
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Changes in workplace (3.1) 6.00 .5345 .2857 .1890 5 - 7
Freedom for opinion (3.2) 5.00 1.5119 2.2857 .5345 3 - 7
Workplace
Design
Satisfaction
Recognition (3 3) 4.12 1.9594 ~ 3.8393 6928 2 - 7
Opportunity for skills (3.4) 4.87 1.4577 2.1250 .5154 3 - 7
Work management (3.5) 3.62 1.0607 1.1250 .3750 2 - 5
Attention for suggestions (3.6) 4.37 1.0607 1.1250 .3750 3 - 6
| Scales for Satisfaction and Participation Platform: PETROBRAS 23 |
Dimension Sub-scale Mea
n
S.D Varianc
e
S.E. Min-
Max
Freedom for opinion (4.1) 3.25 7071 .5000 .2500 2 - 4
Job
Responsibility (4.2) 3.62 .5175 .2679 .1830 3 - 4
Characteristics Recognition (4.3) 2.37 1.3025 1.6964 .4605 1 - 4
Opportunity for skills (4.4) 3.62 1.1877 1.4107 .4199 2 - 5
Work management (4.5) 3.00 1.0690 1.1429 3 7 8 0 1 - 4
Attention for suggestions 
(4.6)
2.87 .6409 .4107 .2266 2 - 4
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| Scales for Satisfaction and Participation Platform: PETROBRAS 23 I
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Involvement (5.1) 5.87 .6409 .4107 .2266 5 - 7
Team satisfaction (52) 6.12 L1260 1.2679 .3981 4 - 7
Ergonomics
Awareness Accidents rate (5.3) 6.25 1.0351 1.0714 .3660 4 - 7
Teamwork motivation (5.4) 5.62 .5175 .2679 .1830 5 - 6
Management (5.5) 5.50 1.0690 1.1429 .3780 4 - 7
Attention for suggestions (5.6) 5.87 .8345 .6964 .2950 5 - 7
| Scales for Satisfaction and Participation Platform: PETROBRAS 23 |
Dimension Sub-scale Mean S.D Variance S.E. Min-
Max
Driller’s Line o f Sight (6.1) 7.00 .0000 .0000 .0000 7 - 7
Control Design (6.2) 5.25 .7071 .5000 .2500 4 - 6
Display Design (6.3) 5.25 .7071 .5000 .2500 4 - 6
Contr. Display location 6.4) 6.12 .6409 .4107 .2266 5 - 7
Label and Instructions (6.5) 6.50 .5345 .2857 .1890 6 -7
Level of
Importance Driller’s Protection (6.6) 6.50 .5345 .2857 .1890 6 -7
of the
Design Seating (6.7) 5.75 .7071 .5000 .2500 5 - 7
Attributes
Workspace (6.8) 5.62 .7440 .5536 .2631 5 - 7
Warning Systems (6.9) 6.75 .4629 .2143 .1637 6 - 7
Driller’s Lighting (6.10) 5.75 1.0351 1.0714 .3660 4 - 7
Environm. Control (6.11) 6.00 .7559 .5714 .2673 5 - 7
Attention for suggestions(6.12) 6.37 .5175 .2679 .1830 6 - 7
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APPENDIX III
The experience of work: Constructed realities
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Work research plan
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Photo 1- Semi-submersible offshore drilling platform
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Photo 2 - Offshore fixed platform with drilling module
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Photo 3 - Offshore drilling platform type jack up
Participation. Attitudes, and the Design of Technical Systems Appendix I V.2 - Photos
Picture 4 - Semi-submersible offshore platform: Constructive détail
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Picture 5 - Drilling process: Bit and mud flow
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Photo 6- Drilling task: Driller’s co-ordination in a traditional workstation design
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Photo 7- Drilling task: Floorcrew operating the tongs to make up the joint
Photo 8: Roughneck steering the triple set o f drill pipes and adjusting the slips
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Photo 9 - Drilling task: Drill pipe connection (adding a set o f drill pipes)
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Photo 10 - Drilling task: Driller’s line o f sight and team co-ordination
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Photo 11 - Drilling task: drill pipe connection using ironroughneck
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Photo 12- Drilling task: Driller co-ordination and connection w ith ironroughnech
Participation. Attitudes, and the Design of Technical Systems Appendix IV. 2 - Photos
Photo 13 - Drilling task - Manoeuvre of the top drive by the driller
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Photo 14 - Platform Petrobras-23 - Docked in the shipyard for upgrade in the Netherlands
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Photo 15 - Platform Petrobras-10 - Old D riller’s Cabin D esign (B ackground)
Photo  16 - P la tfo rm  P e tro b ra s -1 0  - O ld  Design (F lo o rh an d  ac tiv a tes  the  pn eu m atic  slip)
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Photo 17 - Platfomi Petrobras-10 -New design (Driller’s W orkspace)
Photo IS - Platform Petrobras-10 - New Design (C om puter-based drilling system )
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Photo 19 - Platform Petrobras-10 -New design (Driller’s Controls by joysticks)
Photo 20 - Platform Petrobras-10 - N ew  Design (Sliding and adjustable chair)
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Photo 21 - Platform Petrobras-10 - N ew  design (H ybrid display arrangem ent)
Photo 22- Platform Petrobras-10 -(Spare hole for traditional "M artin D ecker” )
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Photo 23 - Platform Petrobras-23 - Old design (Seating and control panel arrangem ent)
Photo 24- Platform Petrobras-23 - Old Design (E m ergency control panel in the back )
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Photo 25 - Platform Petrobras-23 - Old design (L evers dem anding standing up operation)
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Photo 26- Platform Petrobras-23 - Old Design (control panel for draw w orks and brake)
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Photo 27 - Platform Petrobras-23 - New design (C om puter-based drilling system )
Photo 28- Platform Petrobras-23 - N ew D esign (Details during the assem bly phase)
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Photo 29 - Platform Petrobras-23 - New design (Seating and postural dem and for inputs)
Photo 30- Platform Petrobras-23 - New Design (Postural dem and for com puting input)
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Photo 31 - Platform  Petrobras-23 - New  design (Seating and arm chair w ith controls)
Photo 32- Platform Petrobras-23 - New Design (D riller’s line of sight and visib ility)
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Photo 33 - Platform Petrobras-23 - N ew  design (user’s preference: analogic vs. digital)
Photo 34- Platform Petrobras-23 - New Design (C onstraints for reaching controls)
APPENDIX IV
Confronting Individual vs. 
Group Outcomes
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APPENDIX IV.A.l
Individual vs. Group Outcomes - Participation (Platform Petrobras 10) 
Individual’s Statements (Questionnaire II)
DIMENSION
DESIGN
INVOLVEMENT
GROUP OUTCOMES i B l i l l  INDIVIDUAL OUTCOMES
Sub-scales Subjects (Platform Petrobras-10)
; !
Participation even without promotion ^ ' : +  ; o :--- : .--- : .--- ; +  :
Importance of being involved L+J JLJ ; + 1 o * ❖ + +
Frustratrion for being apart <5> :<S>
Feelings if not involved - o ❖ 0 ❖
Participation as  the most (important thing rT_ " o ' ~Q~- O 0 -— ■
INTRINSIC
MOTIVATION
SATISFACTION 
WITH WORKPLACE 
DESIGN
JOB
CHARACTERISTICS
COMMITMENT AND 
ERGONOMICS 
AWARENESS
Satisfaction when asked for opinion + o * . + + T "
Self esteem  fall if doing nothing + ❖ + o ~ + ~
Pride for the job and getting involved + <5> 4> + <s> +  ■ + +
Unha pi ness for disregarded opinions + e  : O <s>: <$> <s>
Looking back to the good results + + o + + <s>
Thinking different ways for improvement + + <$> 0 + . +  • 0
Changes in physical work conditions 
Freedom to give opinions
Recognition for participation
Opportunity for using personal skills IT
Company's work conditions management +
Attention paid for suggestions given 0
+  +  ; +
j t j  Z + Z  Z j ï
z + Z  j *Z
o + o
Z + Z  +^2 Z l
o + o
o
0
1>
o
IT
+
^Z
5Z
~0~
Freedom to grve opinions
Amount of responsibility for opinions 
Recognition for participation 
Opportunity to use skills for improvement 
Management of work conditions 
Attention paid for suggestions
- - 4 4 - - 4 ~  _
-  ■ 4 4 ^ + - - 4
4 ^ [ 4 J ^4™ ^ —  , , 3 Z
_ 4 _ V ™ 4~ ' 4 ~
4 4 4
4 4 4 4 — - 4  —
Involvement in recent improvements + + 4 + + + + ~ + "
Job satisfaction among crew members + + + + + + +  . +
Accident rate in the teamwork + + 4 + 4 4 + 4
Job motivation among crew members + ; + 4 4 + 4 + 4
Company's work conditions management ~ + " v T ~ 4 ^ " 4 " 1 j F 4 " + r ~ 4 ~
Attention paid to the team suggestions + +  ■ 4 4 + 4 4 4
0  = Neutral
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APPENDIX IV.A.2
Individual vs. Group Outcomes - Part ici pat ion (Platform Petrobras 23) 
Individual’s Statements {Questionnaire II)
DIMENSION
DESIGN
INVOLVEMENT
GROUP OUTCOMES ! INDIVIDUAL OUTCOMES
Sub-scales Subjects (Platform Petrobras-23)
| Participation even without promotion ■ + 0  1 : +  : : + ; : +  : +  : ~ + ~ '. ! +  :
Importance of being irrvofved ' +  ' >  i - + ; . +  ; ■ +  ■ ; + + + r~+~'
j Frustratrion for being apart ; + 1 — : — - ■ 0 “ 7 W ]
} Feelings if not involved ! + 0 0 0 — 0 ™ 0" " 0 ” ^0™
I Participation as the most iimportant thing ; + 0 0 0 0 0 " 0 "
INTRINSIC
MOTIVATION
SATISFACTION 
WITH WORKPLACE 
DESIGN
Satisfaction when asked for opinion . +  . + 0 0 + ; +  : : +  •
Self esteem  fall if doing nothing 0 0 0 0 + + . + + +
Pride for the job and getting involved + 0 0 0 0 + ~ + ~
Unhapiness for disregarded opinions j T ~ 0 ~ “0 " ~ 0 ~ ” + ~ n r
Looking back to the good results ~ + " ^ 0 ” " 0 _ ^ 0 ” ^ 0 ~ [ W j
Thinking different ways for improvement + 0 0 0 0 0 ^ 0 ~
Changes in physical vrerk conditions + ■ + + + + + ! +  : +  ■ ■ +  '
Freedom to give opinions +  • + • + + ■ +  • +  ' . +  ; ' +
Recognition for participation
_ Ê _ 0 0 0 J 0 _ ~  : " W _0 ~
Opportunity for using personal skills ~ 0 ~ ~ 0 ~ 5 7 7 5 ; z ^ 0 ~ ~ 0 ~
Company's work conditions management 0 0 0 0 0 - 0
Attention paid for suggestions given 0 0 0 0 0
— — 0
Freedom to grve opinions 0 0 ^0“ 0
Amount of responsibility for opinions 0 0 0 — 0  - 0 0 0
JOB Recognition for participation 0 0 0 - 0 0
CHARACTERISTICS Opportunity to use skills for improvement ~0~ ~0T “0“ T IT
Management of work conditions 0 0 _ 0_ 0 0 0 0
Attention paid for suggestions 0 0 0 0 0 0_ 0 0
COMMITMENT AND 
ERGONOMICS 
AWARENESS
Involvement in recent improvements +  ■ + + + + 0
Job satisfaction among crew members " 0 “ 5 7 0 + 5 ~
Accident rate in the teamwork + + 0 0 0 0 0
Job motivation among crew members + + 0 0 0 + Æ
Company's work conditions management “ +~; 57 "0™ r~ + ~ + 0
Attention paid to theteam suggestions + + 0 0 0 0
0
jT
~0~
+
~+~
~+~
~+~
~+~
T"
; Neutral
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• Appendix IV-A.3 
SATISFACTION WITH PARTICIPATION (QUESTIONNAIRE H)
___________________________________________________________^  =  Neutral
INDIVIDUAL’S STATEMENTS
Dimension Subject_________________ Statement__________________________ Score
DESIGN
INVOLVEMENT
L
N
“It is tough getting involved in design decisions- unless the 
company intends to validate some new ideas.”
“It took us over four years to participate in design modifications, 
and it is what w e’ve always wanted; but the process could have 
been much shorter. In the end they disregarded a lot o f things...”
( - )
( - )
K
“Before this opportunity to intervene in the shape o f  the driller’s 
cabin, we were banging our heads against the wall... It seems 
like they were trying to placate our complaints... It was not true 
participation.”
( - )
E
“There is no formal procedure within the company to involve 
workers I mention this issue because partial involvement was 
observed in this design intervention. By considering this partial 
involvement without a clear view o f what they [the management] 
had to do in terms o f  engagement o f the workforce, the results 
are more likely to be misleading.”
( - )
M
“You see... things on this oil rig are difficult...My participation 
and involvement in design decisions might be a way to describe 
and appreciate work conditions, make suggestions and discuss 
the implications from alternatives which I could choose in my 
own job... I mean,... It would be something that I like...”
❖
H
“Although we have only participated in a portion o f the overall 
upgrade, many more aspects were contemplated with respect to 
workspaces and systems.”
(+ )
A
“For sure I would not be frustrated if  I did not getting involved, 
it is a matter o f pride. They had to recognise our importance on 
this oil rig... In fact, all o f  the results obtained are sources o f  
personal satisfaction...”
(+ )
B
“If you wish to use an efficient method to increase motivation, 
then you need to get people to take part in it ... Once you have 
set up your goals and talked to them, you need to select the best 
suggestions. If we did not contribute enough something went 
wrong... Have you given the right freedom? In this design 
intervention, in fact, we did not get included... The goals were 
set without getting people involved...”
( - )
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D
“Participation in design decisions in my own workstation is very 
important for me... But it doesn’t mean that I need to plead 
them[the management], I am not frustrated, despite my desire to 
get involved. It is not a matter o f money, promotion, recognition 
or all these sort o f things, but it is a matter o f ownership o f the 
results obtained...”
4»
F
“From previous experience in drilling tasks, I think I had to 
contribute to the design modifications in the driller's cabin. I am 
a little frustrated because involvement in the workplace 
improvements is something that I feel as an obligation. It was 
hard not to contribute as much as I would have liked... They [the 
management] should have listened to our suggestions and apply 
them properly...”
( - )
I
‘£When all that stuff came I could see that only a partial 
acceptance o f  our suggestions were regarded... There is an 
interaction between the driller’s cabin and the crew members out 
there... I am not frustrated but I was upset because they did not 
invite us for the final design decisions... The engineering design 
team only regarded those modifications which were more 
convenient for them...”
( - )
J “Participation and involvement are important for me. 
Unfortunately they [the management] do not care about that...” ( - )
C
“There would be different outcomes from this engineering 
upgrade if  the driller’s had full participation in the design 
decisions phase. The engineers only considered our initial 
suggestions and distorted some important feedback from us in an 
earlier consultation...”
B
G
“The complexities o f the new design resources for drilling make 
it difficult to describe in a few words what I feel about the 
resulting workstation. My involvement and participation were 
not sufficient to understand in which extension those 
complexities will impact my day to day activities...”
e
0
“If we wished to influence more the outcomes in this upgrade, 
the engineering design team and the management might say that 
what we had contributed was sufficient... my humble 
participation was restricted to some ‘yes’ and ‘no’... Those 
thoughts which I said were important were disregarded... it is 
frustrating...”
B
INTRINSIC
MOTIVATION
K
“Slowly, I am beginning to advance towards my real self and get 
involved in a more motivated way... This experience gave me 
hope in terms o f new opportunities to participate in decisions 
within the company...”
(+)
O
“My work in this oil rig is getting to be much freer, looser [I 
hope...] and simpler. However, the management and supervisors 
are still disguising a harmonic inventiveness among the 
members o f the team... They [the supervisors] do not allow 
creativity because it is a threat to them...”
o
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N
“I will tell you the truth about motivation for us working within 
this company:... the fear o f triviality is the greatest handicap for 
the drillers to overcome the barrier imposed by those in charge o f  
the oil rig ... My major concern is to find the best strategy to do 
my job. That is it.”
(+ )
A
“I hope you are going to interpret the results o f this survey as an 
indicator o f  where we should start focusing our efforts. We 
need an external source o f motivation. I am myself enthusiastic 
because the company now starts getting our ideas and to gain 
valuable information to improve things for all o f  us.”
(+ )
L
“We have an excellent safety record and the introduction o f new 
resources on the rig will improve this record, more and more...” (+)
I
“In my opinion the management is supposed to listen to the voice 
o f the workers. However, the actions on this oil rig have not
been addressed to continuous improvement...........I am not so
motivated on this oil rig...”
e
G
“In my point o f view, the management has become entrenched in 
safety compliance rather prevention by planning... even though 
they are reluctant to comply. Sometimes I can see things 
happening by chance... All these things pose obstacles that 
restrict our engagement...”
e
H
“My participation had negligible impact on the operational 
resources on this rig. I know this is not an enlightening 
conclusion after all these changes that we had on the oil rig, but 
it is the way I feel...”
H
D
“It seems to me that the engineering design team and the oil rig 
management had to frame the drillers’ participation to get 
ground information and assess a variety o f interpretations to 
apply in the design intervention. The two parts had very 
different expectations and in the end I felt that any insights that 
they got led to very little change. It didn’t do much good to my 
self-esteem and sense o f personal satisfaction...”
( - )
J
“I realised that I wasn’t getting anywhere in that upgrade in 
terms o f participation And it was difficult for me to really get 
motivated considering my involvement...”
( - )
M
“I am very defensive when it comes to talking about my recent 
experience in this engineering intervention and the 
disappointments about it... Nevertheless I can look back and see 
that many good things have happened...”
o
E
“That issue o f intrinsic motivation was coming up again and 
again when the modifications in the workstation started... Well, 
I tended to feel restricted in terms o f giving my opinions... I am 
stuck, my self-esteem lowered, because many things suggested
B
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were not regarded.”
F
“[What] has remained really paramount in my mind is that we 
could influence in substantial modifications in our job on this 
rig. I am happier because I have better work conditions 
comparing to the old design...”
(+ )
B
“I could not get a sense o f what other drillers feel from seeing 
this new workstation design... We don’t know a lot about it, but 
it seems better than the previous design. We influenced the 
upgrade as far the driller’s tasks are concerned...”
(+ )
C
“We cannot expect to be a winner all the time. Although not 
receiving all the improvements suggested I cannot put 
roadblocks and not get involved in the future... It is real 
negotiation... It’s too early to know if  all these modifications will 
fulfil the expectations...”
O
SATISFACTION
WITH
WORKPLACE
L
“My next workstation is going to be totally different comparing 
to the original; having these new resources for drilling tasks 
make me really happy.”
(+ )
DESIGN
O “It looks very comfortable, for the greater part in that I view 
myself without dealing all those levers and mechanical controls 
in the driller’s cabin...”
(+ )
A
“...You s e e ,... we were expecting something to facilitate our job, 
and now we have a comfortable workstation in comparison to 
the old one, but deciphering a lot o f things on this control panel 
will be a pain in the neck...”
o
I
“Actually, the long wait for a more suitable workstation is 
frustrating... In the end we received part o f what we asked 
for...”
*
N
“Most o f the time I felt the management reluctant to introduce 
improvements, and they [the management] were unlikely to offer 
up more than a few items...”
❖
C
“The new lay-out and design resources are so astonishingly up- 
to-date, but it is easy to see many operating improvements left 
behind...”
G
“It was more than I was expecting, but I wonder if  they will give 
us enough time to reduce mistakes... I am sure I will be 
working in a comfortably stressful condition until I learn how to 
deal with this computer...”
*
F
“You see... the management has to reposition itself and start to 
create value to the company through employee participation. 
The current changes in my workstation as a result from a 
confluence o f  factors (needs for deepwater) did not provide a
( - )
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proper ownership and satisfaction to the results because [to be 
fair] we had a marginal role in the decisions...”
D
“Yeah, the way that the design intervention was carried out and 
the results, I can say that the drillers’ participation, leading to a 
more comfortable design, provided us with greater sense o f  
responsibility and ownership...”
(+ )
J
“The way in which the participation provided a new workstation 
design is clear, both from the management side and from our 
own point o f view that the result o f  the design intervention was 
successful.”
(+ )
A
“Beginning with generalised observations and suggestions from 
the drillers, the driller’s cabin design was modified to attend 
user’s expectations. I am satisfied with the outcomes.”
(+ )
H
“The attention paid to suggestions to improve workplace 
conditions through a design intervention, focusing on certain 
details while leaving the old assumptions behind gave me a sense 
of recognition by the management...”
(+ )
E
“The experienced situation, the driller’s participation driller’s in 
the upgrade was the one I could perceive through the overall 
outcome o f this design intervention. In my opinion a positive 
change has been established...”
(+ )
B
“Have you seen the new tool we created? We cannot reach 
many controls in this cabin without this stick ... It was a real 
breakthrough after realising they were not going to fix the 
problem...”
e
K
“When the first design assessment was undertaken I immediately 
saw an opportunity for negotiation and an opportunity for us, the 
drillers, to lend some assistance, which could be beneficial for us 
in the future... today the results w e’ve got are the proof o f that 
vision...”
(+ )
JOB
CHARCTERISTICS
L
“They (the management) tried to convince us to eliminate the 
‘Martin Decker’ and put all this stuff on screen using the
computer,.........but we talked to others drillers in the shipyard in
Holland and they told us about their decision.... so, we pressured 
the engineering here to do the same...”
e
A
“In the drilling work the deal has always been like this: “Hey, 
we’re not willing to give you so much money, so do it with what 
you’ve got”.
❖
J
“Usually, we are not allowed to get involved in the design 
decisions. Participation is a convenient strategy when they [the 
management] see some trouble ahead. That is the way to do it... 
I had the same sort o f  deal when working in different oil rigs.”
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D ‘The management says to do the right thing, but within the 
budget, not a pence more.... You can’t argue with that.”
( - )
O
“I think the management decided to provide training to the 
drillers who are younger, you know... some o f them will retire in 
the near future..., I think they found that it is a waste o f  time and 
money...” ...“They offered training only for those who knew 
something about computers...”
e
M
“In my opinion they [the management] appear aware o f the 
changes that need to be implemented to create a new
relationship............. there is a need for more freedom and
recognition for employee’s participation. In my job it has been 
reduced and so, our responsibility cannot be claimed...” H
E
“In this upgrade the management thought that we could be 
happier with the results... However, we should have see
ourselves responsible for the job and results........  I think the
management o f workplace conditions lacks employee 
involvement and attention to suggestions... I am missing all these 
things in my job...”
H
C
“It is a kind o f small silent revolution because many problems in 
the driller’s work have been forgotten in the past years. The 
drillers usually are not consulted to improvements initiatives in 
the drilling process, except when they [the management] need to 
speed up the bore hole...”
•$>
G
“The characteristics o f my job permit to classify it as ‘an 
important leg’ o f the drilling process. In the future you might 
think in full automation, but the work o f  the driller cannot be 
relegated. Why can we not participate in all this stuff?...”
<$>
F
“Usually we are anxious to grow within the company, but the 
work o f the drillers has not been regarded on basis o f its 
importance...”
( - )
B
“As far as working within the company as a driller, I can see 
many problems when the matter is participation. We are 
allowed to make suggestions only when things get difficult and 
there is a need to share responsibility for bad decisions... If I 
could, I would make this involvement in decisions more 
consistent...”
K
“I think we have a fair mix o f responsibilities here with both 
participation and recognition. However, it is not a formal and 
continuous relationship... I agree it has been timid still, but with 
that mix we are trying to improve the relationship among the 
team members...”
(+ )
I
“We are always talking about that: the weakness o f our internal 
[management-employee] relationship in this oil rig is that they
e
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[the management] focus on specific behaviour by the crew 
towards productivity concerns, which may cause the supervisors 
to ignore the need for a more participatory role o f  those involved 
in the basic set o f  activities... We are always waiting for 
opportunities to get involved...”
H
“The driller works under pressure, but there is no promotion to
keep them motivated. We feel frustrated about that.........This is
why once the pressure is off, you tend to fall back into your 
routine...”
( + )
N
“I wish we had a broad range o f employee-involvement and 
training programs in our company... If so, it could have helped 
people on this oil rig to define both safety and health 
improvements. The way that things have been done, it is hard to 
get the means to achieve them in our job.”
(+ )
COMMITMENT
AND
ERGONOMICS
AWARENESS
F
“If the company’s budget goes over a certain point concerning a 
new development, issues such ergonomics may not be considered 
as a major factor, production comes first. I will not get in 
trouble...”
<s>
G
“You see... our commitment to design improvements put us in a 
peculiarly contradictory position at this moment. The 
modification introduced can work either for or against us in 
terms o f reduction o f personnel needed on the drill floor. I am 
particularly satisfied and grateful for the attention paid, but I am 
not sure if  the accident rate and job motivation among the 
members o f the team. We are still facing problems with the 
work conditions management...”
C
“...In my opinion, new technology and an increased focus on 
cost-efficiency has been regarded to ensure that the operation o f  
this offshore oil rig is both cheaper and more productive... 
Herein lies the paradox... You see, drilling workers like us are 
losing their jobs, which will not reappear because new 
technology is changing the process. So, how do we handle the 
situation? In this upgrade the expectation was to reduce fatigue, 
accidents and occupational illnesses like back pain, while 
promoting job satisfaction and safety, just to date... Can we 
exploit it to our advantage? The modifications introduced for 
sure improved the lay-out and I am aware that part o f the 
ergonomic problems were tackled...”
( - )
J
“...I think it is not possible to ‘ease the pain’ o f change via 
participation... Nevertheless I am aware o f the ergonomics 
problem in the oil rigs. You see...., we cannot only shrug our 
shoulders and tell ourselves that ‘the time marches on’. The 
participation and involvement o f all members o f the crew, even 
at different level, provided a feeling o f  satisfaction, we cannot 
deny...”
(+ )
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L
“All these questions have been asked and addressed during the 
interviews you have carried out on the oil rig... The point is: - 
What new improvements and technologies can we expect that 
will soon be set in motion on the E&P work ? How will the 
drilling workers perform their tasks in the future? I am satisfied 
with my participation because I could see the prospective 
changes for better work conditions and keep up with them....”
(+ )
H
“The upgrade brought with it fresh opportunities and challenges. 
I am confident that motivation among my colleagues and 
ergonomic improvements will promote a safer operation on the 
drilll floor... My involvement let me turn my eyes ahead toward 
the horizon and see that we are changing for better work 
conditions.”
(+ )
M
‘Yes, I admit that this upgrade has been a tough time. It was a 
challenge. I did not have knowledge o f  ergonomics, so I used a 
lot o f  time to get acquainted with many requirements for design 
attributes that, in fact, we are involved in the workplace... I am 
happy and satisfied with it, even the way the management 
tackled the intervention...”
(+ )
D
“ There were two main points o f contention in the early days o f  
this design intervention: the digital and computerised 
instrumentation, and the number o f personnel required on the 
drill floor ... I am satisfied with the results. Participation could 
be better. I hope job motivation will be increased when we start 
using the new system...”
(+ )
B
“You see... I received quite harsh treatment,... I believe because I 
am a senior driller on this oil rig I could not express my concern 
when everything started ... As you know I am not totally happy 
and I was not in favour o f computers in the driller’s cabin...”
( - )
E
“As I remember, the initial announcement o f  the introduction o f  
computer-based drilling systems during the oil rig’s upgrade was 
viewed as bombastic and cutting-edge initiative. I thought: How 
will be it in my favour? Now, I can see some drillers motivated 
and enthusiastically talking about the ergonomic improvements... 
So, let’s give them credit and wait for the future...”
(+ )
A
“Generally speaking, I could say that as a member o f  the team 
and a long lasting membership on the oil rig I was ‘forced to 
jump in with both feet’ in this upgrade... but I think that is the 
best way to learn. When you are in the ‘thick o f it’ you have no 
choice, but just do it.”
(+ )
I “I can see myself as a determined, shoulder-to-the-wheel and 
nose-to-the grindstone... Nevertheless, when faced with the task 
to modify the driller's cabin and other drilling systems on the rig, 
the management gained my respect because everything has been 
done for good. I am very satisfied now and the new resources on 
the rig has proven that there was commitment to the suggestions
(+ )
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given by the crew members...”
K
“The job has been intense and demanding in this upgrade... The 
management and the engineering design team have received their 
share o f criticism... Nevertheless, the improvements have 
promoted, in my opinion, better work conditions on the rig... I 
hope the results bring motivation and reduction o f physical 
efforts to perform the drilling tasks.”
O
N
“I think everyone was ’under fire’ during the intervention in the 
shipyard. I think every crew member is sometimes bothered by 
so many things to do. However, I was lucky enough to have a 
lot o f  support from those around me to discuss the design 
modifications.... I was worried... It has not been easy, but I am 
happy with the safety and ergonomic improvements...”
(+ )
O “You see... the management cannot simply pull the plug on us if  
the performance is low. One the most important things to me is 
the opportunity to participate... If so, I would contribute to 
ergonomic improvements... There are so many things to do.”
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APPENDIX IV.B.l
Individual vs. Group Outcomes - Attitude (Platform Petrobras 10) 
Individual’s Statements {Questionnaire III)
DIMENSION
INTENTION
ATTITUDE
SUBJECTIVE NORM
EXPECTED UTILITY
REFERENTS
BELIEFS
EXPECTED
RESULTS
NORMATIVE
BELIEFS
MOTIVATION TO 
COMPLY
GROUP OUTCOMES ! iilHIÜÜÜiÜHÜi INDIVIDUAL OUTCOMES
Sub-scales Subjects (Platform Petrobras-10)
K M
Confidence in new workstation 
Caution in new workstation
Confidence a s  result of participation
Caution as result of reduced participation
~ 0"1 0 >~+ : 0 : +  : " +  :
+ ' +  ‘ 0 + 0 + +
0 0 + +
0 0 _0^ + + " 0~
Attitude
Participation & important others' opinion +
Job experience and others' opinion +
Participation and better performance 0
Participation & safety improvement ^
Participation trust in system design 0
Participation & comfort improvement ! 0  
Participation & increase work satisfaction ; 0
+ - 0 - + 0
+ - 0 - + 0 0
+ ~ 0" + " 0” " 0^
+ 0 0 0 + _ 0_ ~ 0~
+ 0 0 0 ' + _ 0_ ^ 0~
Other's drillers reference & performance 0 ' + 0  ~ + 0
Other's drillers reference & reliability - 0 0 0 ■---- +  : 0
Other's drillers reference & satisfaction - 0 + 0 - . +  ■ 0
Supervisors' reference & performance '------ ; +■:
Supervisors' reference & reliability ------ - ,  • — ' - ; +  : 0
Supervisors' reference & satisfaction +  • — — —  — —
+  ; 0
. Confidence to work due participation $
Involvement & help overall performance +
0
0
Past expenence.performance without 
involvement_______________________
Maintain performance even net involved
0
Mantain performance due past exper. +
Mantain pert due supervision's opiinkxi +
0
" 0“
Work performance due mgmt expectation +
Work performance due team expectation +
Work performance without participation +
0
"0~
_0_
" 0™
0  ' = Neutral
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APPENDIX IV.B.2
Individual vs. Group Outcomes - Attitude (Platform Petrobras 23) 
Individual’s Statements {Questionnaire III)
DIMENSION GROUP OUTCOMES ) INDIVIDUAL OUTCOMES
INTENTION
ATTITUDE
SUBJECTIVE NORM
EXPECTED UTILITY
Sub-scales Subjects (Platform Petrobras-23)
Confidence in new workstation 
\ Caution in new workstation 
Confidence as result of participation 
Caution as result of reduced participation
FF
I
: +  1 : +  ■ ; +  , n n r n ; +  : : +  1 ■ +  ; ‘ +
; +  i 10 . +  ; 0 o +  ■ 0
0 0 0 + * 0
0 0 0 L ± J ~ " o '
Attitude
Participation & important others' opinion +
Job experience and others' opinion ' + + + 0 + + - - +
Participation and better performance 0 0 0 0 + + — • —
Participation & safety improvement 0 0 0 0 + +  ! • — :
Participation trust in system design 0 ^ 0 ~ ^ 0 ~ ~0~; +  : ; - r + - '
Participation & comfort improvement : + 0 0 0 0 + - <r
Participation & increase work satisfaction : + 0 0 0 0 + - +
REFERENTS
BELIEFS
EXPECTED
RESULTS
NORMATIVE
BELIEFS
MOTIVATION TO 
COMPLY
Other's drillers reference & performance —
Other's drillers reference & reliability —
Other's drillers reference & satisfaction
Supervisors' reference & performance 
Supervisors' reference & reliability
Supervisors' reference & satisfaction
<s>
<sT
jT
5Z
Confidence to work due participation — ■ — +  0 0 +
Involvement & help overall performance +
l0
| 
l + l1 ' I 0 ~ +
Past expenence.performance without 
involvement
Maintain performance even not involved
Mantain performance due past exper. +
Mantain perf due supervision's opimon +
Work performance due mgmt expectation +
Work performance due team expectation +
Work performance without participation +
+ + + 0 0 : - .  0 0
0 + + 0 +  ' +
z ; + + 5 3 ' + 1 5 3
0  i= Neutral
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• A ppendix IV-B.3 
ATTITUDES (QUESTIONNAIRE m )
_________________________________________________________________ ^  = Neutral
INDIVIDUAL’S STATEMENTS
Dimension Subject_______________ Statement________________________ Score
INTENTION
L
“You know..., a sort o f collective bargaining has played a 
important role in the modifications o f the driller’s cabin design on 
this oil rig. After seeing the results obtained until now I am 
confident to work on it..., but I will do it cautiously because I am 
worried about the dangers the new resources may put my 
colleagues in, since I don’t know them very well [computers]”.
*
N
“Typically, any unsuitable design not only risks the chance o f  
accidents, but also work shutdown. I could see many design 
problems, specially the adoption o f computers... I will be working 
cautiously on the rig because I did not get involved sufficiently to 
trust it...”
( - )
K,M
E,H
“My intention is to work with confidence due to my participation” (+ )
A,B “My intention is to work with confidence.” (+ )
D,F
“My intention is to work with confidence. This new feature o f  the 
driller’s cabin exceeds the expectations if  compared to what we 
have had in the past.”
( + )
I
“I will be working cautiously, but this decision is based on my 
personal concern to get things done safely.” ( + )
J
“...In fact, the degree o f participation that I had will not influence 
my decision to work cautiously... It is a matter o f responsibility.” (+ )
C
“You see...the modifications resulted in a new design obtained 
through our effort too... I am confident to work on it..., we should 
be cautious because everything is different from what we had, 
especially computers...”
(+ )
G
“We are progressing but there are still problems. I cannot trust 
it...” I need to work cautiously on the rig until sufficiently 
acquainted...”
e
O
“I’d like to stress my concern to the way that work conditions has 
been managed on this oil rig. The drill floor has already a high 
injury rate. In this upgrade the drillers role and involvement in 
crucial decisions was reduced significantly...”
&
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ATTITUDE
K
“From now on our jobs are at stake. You must get better or get 
beat...(K) I think I will make it through this upgrade, there will be 
no time for mistakes...”(0 )
*
N
“There are many flaws in the subsea equipment and the 
information to the driller... I am not confident to work with this 
new system on this oil rig.”
( - )
A
“There is a lack o f information from supervisors and managers, 
but also there are also some goodwill to improve the work 
conditions... This is why. I am still motivated to here”
(+ )
L
“Here we value informal dialogue and good relationship between 
the crew and supervisors, I think the same group has been working 
on this oil rig for years because there is mutual confidence in what 
each one can do...”
(+ )
I
“... Actually, I don’t know this system well, but I do know how to 
drill an oil well, and the computer will not tell me how to do 
better...”
(+ )
G
“You know,... I am not young anymore. From the start we have 
been talking about computers and I realised I had to start learning 
computing...” ... ‘Maybe my sons can be o f some help, 1 only had 
access to a computer after buying them one...”
M “I am motivated, I have an inner need to do the best I can 
regardless o f pay...”
(+ )
H
“... I have my own expectations based on what I have seen until
now..........and I cannot take for granted all these computers... Even
though I will do my work, it is a tricky situation but that is the 
deal...”
(+ )
F, B 
C,E “I will be working with confidence in the new driller’s cabin.” (+ )
D “I am slightly sceptical regarding my work on this workstation 
because my expectations were not fully achieved.” ( - )
J
“My attitude is positive, but I am sure that there will be some
trouble ahead as a result o f the lack o f training..........we did not
receive a proper introduction to the system... You see, everything 
is new...only the drillers are old...”
( - )
O I think that I need to be more careful in this new challenge... 
deepwater sounds similar to any offshore, but the resources are 
more constrained... I cannot speculate how things will turn out ...
e
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SUBJECTIVE
NORM
L ,0
“My participation and the opinion o f other colleagues are not 
gearing up my personal motivation. The unfortunate reality is that 
when the criticism occurs you are under fire...,(L) and your 
position within the team and your job in the oil rig is under 
threat.... You know,...You must be prepared’XO)
(+ )
MJ
“You must be a competent worker...(M) The maintenance o f the 
driller performance may not be relegated to his participation, but 
based on his job experience...”(I)
(+ )
N,C “You must be a competent worker...” (+ )
GJF
“Today’s drilling workers tend to be better educated and informed, 
and we expect more for our jobs than just livelihood.(G) My 
involvement and participation was reduced in this rig upgrade, 
therefore I don’t mind the opinion o f others... I know what I can 
do...”(F)
( - )
D
“ Doesn’t matter if  it is a new or an old system,. ...each driller is 
responsible for checking the drilling parameters in his shift and the 
functioning o f the equipment on the drill floor... There is no 
support for excuses in case o f  mistakes in this kind o f work...”
(+ )
J
“... All drillers on the platform must familiarise themselves with 
the equipment and systems on the rig,, ... You know..., ...even the 
flaws and problems must always be under control, they (the 
management) will charge you for responsibilities because here you 
are not a novice...”
(+ )
A
“I consider myself receiving fair recognition for being engaged in
many initiatives for improvements in the oil rig........ the opinion
from supervisors and the chief engineer are important to me...” (+ )
H
“It is not easy to accept criticism from co-workers and 
supervisors, but our previous experience and involvement in 
workplace initiatives provide expectations regarding our 
performance, which make us committed to their opinions.” (+ )
B
“Sometimes I try not to appear particularly concerned to prove my 
commitment to the management and colleagues expectations, but 
my active engagement and past experience in drilling are always 
called for by them...”
(+ )
E
“I know that I am oddly intransigent. I am always reluctant to 
face the idea that my performance might be monitored by others. 
With globalism the offshore market became more competitive and 
we are all hyphenated now. I should comply with other’s 
expectations...”
( + )
K
“Participation in workplace initiatives creates opportunities and 
protects us against the obsolescence... so, I think I must fulfil the 
management and co-workers’ expectations based on my past 
experience and skills. I hope so, anyhow...”
(+ )
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EXPECTED
UTILITY D
“To be fair, I think this oil rig upgrade and the driller’s cabin 
refurbishment has brought along with it an almost unanimous 
satisfaction;... negative criticism is motivated by past internal 
disputes rather than substantial inadequacies...”
(+ )
A
“This upgrade is dictating a drastic change in the way we do our 
tasks. I could not take advantage o f this modification through my 
participation, but for sure comfort, better performance and safety 
are by-products o f this design intervention...”
( - )
J,L
“Participation might provide adequate involvement in the design 
modifications as needed for critical tasks. However, I consider my 
involvement limited..(J). ...It is sad because what is needed to 
avoid accidents is more information and knowledge o f  the working 
process... How can we do the job trustfully in this new 
workstation?”(L)
( - )
F
“... It is frustrating ... Everyday in the shipyard we asked them to 
install a suitable chair,...You see,... it is good to rest, but I cannot 
reach that throttle without standing up...”
( - )
N “Now it looks like a ‘Star Wars’ spacecraft, the only thing is ... I 
shouldn’t like take action from here that exposes my colleagues to 
the danger out there because o f my decisions...”
•$>
M
“Generally speaking, the upgrade gave us the opportunity to 
improve our installations... I hope we can take this advantage to 
refurbish and introduce new technical resources every time the oil 
rig receives another assignment...”
(+ )
E
“The chronology o f this design intervention is interspersed by 
particularly important events... We started this upgrade earlier 
and the team was able to engage in some initiatives, after sailing 
changes were proceeded, then the shipyard was faced with some 
problems [bankruptcy, arrest o f the rig...]. Yet, this chronology 
made me see many things afresh. I took the opportunity to retain 
control o f information in each phase... It will help to build up trust 
after participating in this somewhat problematic engineering 
intervention...”
(+ )
C “The advantage was only to get partially involved... For sure I will 
be more satisfied to work on it if  compared to the past...”
( - )
G
“The worker’s participation case has been picturesquely rehearsed 
by this oil rig upgrade, and yet is less than overwhelming. You 
see,... one problem is that the booster style o f the engineering 
design team [SEGEN] does not suit their sometimes debunking 
talents... Have you seen what they did in the pump room? I hope 
the modifications in the driller’s cabin do not repeat what I have 
seen...”
( - )
O “Ok! It isn’t the best solution, but I trust in the advantages we 
have now in this new cabin control...”
(+ )
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B
“I can see advantages in this refurbishment. I am more satisfied 
now and I know the new design is more comfortable... The guys 
from the project team [SEGEN] made a good deal...”
(+ )
(+ )
K “We are happier now in this workstation. I trust in improvements 
in safety and performance... do you agree?...”
I “Yes, I think you are right, our suggestions gained support in the 
end...”
( + )
H
“Look, ... I am not sure about the advantages in safety and 
performance. Computers and automatic controls are tricky... but 
in terms o f satisfaction and trust in this new workstation I cannot 
deny... the improvements started only with participation o f the 
drillers...”
REFERENTS
F
“In my opinion they [the management] have failed to instil trust in 
this new workstation. They did not provide ground information on 
the system’s characteristics...”
( - )
G
“In the present rush by the engineering design team and the 
management o f this oil rig to reach this upgrade, the concentration 
on safety, reliability and driller’s satisfaction was somewhat 
misdirected... There is substantial evidence that the driller’s cabin 
design and equipment installed could be better...”
( - )
C “T did not receive any positive impressions from my supervisor 
concerning these new resources in the driller’s cabin... ”
( - )
J
“I could see some drillers showing greater interest in the new 
cabin lay out and technical equipment installed... ; ...but we did 
not receive proper feedback from managers and supervisors...”
( - )
L
“Information from them? There is a total lack o f management
response to our operating needs..........for many years the drilling
work has been done in an old-fashioned way, and we can see 
reduced managerial effort to eliminate physical and health hazards 
on the drill floor...”
( - )
H
“It isn’t terribly hard to understand why I am, myself, worried 
about the requirements to operate this new workstation. 
Everyone, drillers and supervisors, is now fighting for survival in 
this unknown drilling system...”
( - )
A
“No... they did not tell us about the advantages... Nevertheless, I 
can see that they are working diligently to solve the problems 
aggravated by rampant increases o f accidents on the drill floor.”
e
D
Fortunately there are also some initiatives to improve the work 
conditions, notwithstanding the lack o f information from 
supervisors and managers. I have a personal commitment to do
(+ )
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the best I can regardless o f pay...”
B
“During a rare moment o f  informality, one o f the managers 
provided information on the new drilling system performance and 
asked us about our expectations...”
❖
E “I think that two key person in the management o f  this oil rig were 
supportive in the improvement: the oil rig’s manager and the 
drilling supervisor. Unfortunately they could not give us the 
details o f the new system resources; this matter was totally 
dominated by the engineering design team. . . ”
( - )
M
“...At the beginning, most o f  the time, I will rely on the feedback 
from the crew on the rotary table, I will have to work very hard to 
operate it...”
( - )
I,K “The information received came from other colleagues on this 
rig... (I) We tried to build up a network in order to get more 
confident... It was rather difficult to get feedback from the 
engineers... ”(K)
❖
N “The new driller’s workstation is astonishing... there is no doubt 
about it... The information received has been enough to start 
operating the system...”
( + )
O “I had reduced information from supervisors and co-workers 
about this new driller’s cabin and its computing resources... 
Despite my satisfaction and some positive feedback, I am myself 
slightly concerned about it...”
&
BELIEFS
E
“In fact, many o f the gains that I have made in understanding this 
new workstation are a result o f  my involvement. For sure it will 
help my performance.”
(+ )
G
“I believe that participation would have an enormous effect upon 
the way we [the drillers] perceive the management’s concern with
our work........However, the experience we had was detrimental in
many aspects and the concern about people took a back seat to the 
impact on performance and reliability...”
( - )
J
“With all these problems in mind, it wasn’t difficult to understand 
why we constantly heard complaints about participation in this 
upgrade: the members o f the drilling crew were only ‘doing their 
jobs’ and talking about a lack o f  pride relating to performance....”
( - )
A
“You see,...this oil rig upgrade emphasises that a proper approach 
leads employees to feel that the management cares about people. 
However, my participation did not provide a strong confidence to 
work in this new workstation..., for sure it will require a precious 
time and attention from everyone in the drilling team...”
“...However, the experience we had did not provide a strong
o
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M confidence to work in this new workstation...” ( - )
O
“The design modification meant a pushover for better workplace 
on the oil rigs. Poor resources to perform our drilling tasks were 
always a headache. We are still waiting for a movement toward 
full participation, then I will be more confident...”
I» K
“Bargaining is always like that. In 1996 we complained about the 
driller’s cabin design to the Labour Inspector and the company 
agreed that modifications were necessary, didn’t they? (driller K 
nodded...) By 1999 the new workplace design implies that it 
would require more participation to confer confidence in the 
drilling system...”
<$>
L
“In my opinion new technologies cannot be captured in window 
displays... Our participation and the supportive engineering design 
team gave us the possibility to work in a new drilling system in 
which I expect a safer operation and better performance...”
(+)
N
“The design decision to refurbish the drilling cabin came from the 
oil rig management and the design engineers..., at that time all 
departments suffered a post-budget cut. Still, I am confident that 
the resources provided in the new workstation will guarantee a 
good performance...”
( + )
F
“Even my past experience cannot be taken for granted when 
coping with the problems we will have to face in this new cabin 
control... We are going to operate in deep water.”
( - )
B
“If you think about overall drilling performance and drillers 
confidence there is no doubt about that... We are experienced 
drillers, you know... some problems at the beginning, but in the 
end we will get the control as before...”
(+ )
H
“Essentially the drilling system is the same... I am not worried... 
What I could see and participate was sufficient to tackle a new 
work situation...”
( + )
D
“Full participation was something desirable, nevertheless I will 
count on my past experience in addition to what I have got during 
the upgrade...”
(+)
C
“In my opinion performance and confidence come when you get
acquainted to the system.........naturally, I’d like to get more
involved........participation is important for learning and sharing
ideas. Once I had a problem with new equipment and I suddenly 
realised that I didn’t know anyone within 100 miles...”
❖
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EXPECTED
RESULTS
K
“There is a glaring inconsistency between the management’s 
concerns about our operating needs and what was undertaken in 
this upgrade....”
( - )
F “The overall refurbishment has shown an almost total lack o f  
concern with the drilling team’s performance. I cannot guarantee 
anything in a short period o f  time... You know,...now we’ll 
operating in a new frontier for offshore drilling: 2,000m and 
beyond...”
( - )
H “Past experience and our involvement in the oil rig design 
decisions are both essential to a good performance. I am confident 
in doing a good job despite not gettinng involved. Participation 
was somewhat difficult in this refurbishment...”
M “It would take me a lot o f  time to get where I am now in terms o f  
drilling performance if  I were not an experienced driller...” ❖
L “Although I did not get involved in the design discussions, I am 
confident that I should be even further ahead in the development o f  
my skills and knowledge...”
(+ )
D
“My assignment to the upgrade failed to arrive - or at least that’s 
what I am going to assume - because my colleagues knew 
beforehand that they would participate... However 1 am an 
experienced driller and I will be able to get involved as desired...”
(+)
A “I was expecting a more difficult situation when facing a 
computer-based driller’s cabin. The information gathered since 
the beginning has been sufficient to operate it safely...”
<$•
B “We felt, as a team, no need to be guarded and suspicious with 
each other...When the drilling operation starts I am sure we will 
keep the required performance.”
(+ )
C “During the discussion on the ergonomics and safety on the drill 
floor there was a considerable energy for the attainment o f this 
task. Everything regarding performance, safety and our own past 
experience was put into account... I am confident in the results...”
(+ )
E “I have been supporting the management to improve the oil rig, in 
particular the driller’s cabin, since we started discussing a 
prospective upgrade... there is no fear o f doing something wrong.”
(+)
G
“In the long run, I am confident in achieving the performance for 
drilling on deepwater. We have the expertise and willingness to 
succeed. I think our humble contribution was enough to start...”
(+)
I
“I agree that there was emotional value when we started 
discussing the possible improvements on this oil rig, but you 
cannot deny that when the members o f the crew feel that they 
‘belong’ to the overall engineering task-force a strong commitment
(+ )
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ensures everyone’s co-operation. This is why I am confident in the 
results...”
J
“The need for the operator’s opinion is extremely shortsighted by 
the management within the company, because they [the 
management] ignore the benefits of having motivated workers. 
Our participation might be explored in full, and our past 
experiences give us freedom to tackle the everyday challenges.”
(+)
O
“You should recognise that the ideas given at the initial stages of 
this engineering design intervention accomplished a meaningful 
result. I am happy and confident in the results when sailing 
back...”
(+ )
N
“Forming the habit of highlighting safety and ergonomics sounds 
important in my view... Participation emphasises without question 
a primary concern and recognition of the crew member on the 
rig... Some results on this oil rig were accomplished based on it...”
NORMATIVE
BELIEFS B
“You see..., we had time to discuss the design problems before 
coming to the shipyard. Now, it is like an avalanche, completely 
out of hand. I can’t cope with the management and supervisors’ 
little regard for a suitable workstation.... We could do it better!”
( - )
I
“I know that they [the management] want us to keep the same 
performance, but what did they do to improve our skills on the 
computer-based drilling systems? I don’t care about it...”
( - )
D
“We have everything to gain by doing the drilling tasks in the 
same pace and quality... The only things we stand to lose are 
accidents and sub-quality work” (+)
H
“... I hope nevertheless that some thoughts expressed in this talk 
are well understood. ...My beliefs are based in multiple aspects 
involved in the changes introduced in the oil rig... One thing I am 
sure of: the management will push us so hard that those who are 
not skilled in drilling operations...”
M
“...My past experience and the professional relationship within 
this oil rig induce me to maintain and improve my performance...” (+)
G
“If you are talking about beliefs, please look at the oil companies 
that have the best safety and quality performance... you will see 
that the employees are engaged permanently in workplace 
improvement initiatives... Now I ask you how strongly do you 
believe in safety within this company? I am fed up because after 
everything we have done the management uses only an one-way 
street for benefits...”
“In my opinion there is no room for the idea of the magic of 
believing’, and power that comes from our persistent engagement, 
which is in fact the back bone of productivity... I am working on
( - )
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N this oil rig for a long time and I know they [management] are 
concerned about results... I have to deliver results, that is it...”
*
E
“I think that some drillers on this oil rig, as time went by, have 
acquired respect among the crew, but the management will not 
punish us for poor performance nor gratify us for results they 
consider that is our obligation...”
*
C
“These guys are crazy [the management], i f  they held up their 
psychological mirror, looking to themselves straight in the eye, 
and confront their goals and what they ask us to do, they could see 
that they are exposing people to disabling conditions, and to 
injuring work conditions... I need to get out o f  it...”
( - )
O
“To tell you the truth, I was thinking about what stumbling blocks 
I must overcome to achieve my best performance when operating 
on deepwater... I realise that my past experience is not sufficient 
and I have to gain more knowledge by updated training... The 
management thinks we are super-men. Shall I maintain my 
performance anyway? And what about recognition?”
( - )
J
“...All right,... using vivid imagination and ‘picturing’ the 
prospective results, I could see myself as a successful driller 
operating on offshore oil rigs for deepwater. To crystallise this 
idea I consider that I need to improve my skills and knowledge in 
new techniques and equipment. But how can I cope with all these 
things if  there is no willingness from those who lead the 
workforce?”
H
L
“...No involvement in this upgrade ? Never mind that! I will keep 
my eyes sharply focused on positive goals. This is a state-owned 
oil company, and sometimes those in charge the lose the focus on 
creating good results... I trust that I can take a giant step if  I 
maintain a positive posture among the drilling crew...”
<s>
F “I am a driller and we are responsible for leading other members 
in the team, so I need to promote the best performance standards 
and help people to meet them... My previous experience and 
professional commitment drive me in that way...”
( + )
A “I think I will be able to maintain my performance and learn 
quickly how to maximise the resources introduced in this new 
driller’s workstation... I think I can lead others to do the same on 
the oil rig...”
( + )
K
“In fact you ask me to do something like a self-fulfilling prophecy 
on work performance... I can manage a good performance, also I 
believe I am able to meet the expectations from other members o f  
the team... but... you see,... the management usually adopts a 
‘do-nothing’ criteria. How can we progress if  those responsible 
are not worried about the company?
( - )
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MOTIVATION 
TO COMPLY
M
“The drillers on this oil rig spent reduced time in the development 
o f the driller’s workstation and are very much aware o f the 
pressure from the management... I think I will be able to perform 
the tasks even though I did not get involved. The guys within the 
team are very good and we can join efforts to succeed...”
(+ )
D
“In my opinion, if  one is able and willing to pay the price for non­
participation and to sustain performance on the drill floor, for sure 
it is only based on professional pride. I will do my best and if  
anything goes wrong, certainly a guilty verdict against me will 
appear,... but never mind!”
❖
H
“A motivational uplift is the expectation o f  my colleagues with 
regard to my performance... I think I have the skill not to frustrate 
them...”
( + )
N
“I would respond with a spirit o f  appreciation if  my manager and 
supervisors could give me a positive reinforcement which I 
consider vital to maintaining performance in my job. Nevertheless 
I will keep my pace despite not receiving such token... ”
(+ )
C
“I like to share the fruits o f  success with others... After this 
refurbishment, our new driller’s cabin will be motive for our job 
pride... It doesn’t matter if  formally participating or not...” (+ )
E
“Usually we organise informal co-op group meetings for sharing 
ideas and experiences that worked well on the drill floor... I think 
it is important to maintain performance and safety based on 
sharing ideas...”
(+ )
J
“In my opinion, placing more emphasis on the quality rather than 
in the quantity o f work is the key point on the rig. I am trying to 
do the right thing. I don’t mind the management...” (+ )
L
“You see, the way they [the management] deal with issues like 
participation o f the drilling crew in improvements can determine 
our attitudes... I have not seen then at that level o f commitment... 
We are working positively, but based on our pride in our job”.
( - )
F
“I am fed up with them because usually they [the management] are 
unable to inform the team ahead o f  time about changes that affect 
our jobs... Now, for example, we need to speed up our training 
without getting properly acquainted with the computer... ”
( - )
G
“I know how to get the job done. Better information and 
involvement was desirable... The number o f drillers and oil rigs 
has been reduced and so, we are in pure competition...”
( - )
I
“Drillers in fact are the front-line supervisors o f  the drillling 
team... I must be an example... I will keep my performance even 
without proper participation and training...”
(+ )
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B
“You see, we set the example and pace for everyone on the drill 
floor... I need to put vitality into the drilling tasks and promote a 
good performance on the rig... My conviction is that I have to do 
the best to persuade others to do the same...”
(+)
K
“You know ... we are always in conflict to sustain productivity on 
this oil rig. They [the management] change the process for good, 
but training is absolutely critical, and they fail to do just that...” ( - )
A
“I am a supervisor o f the drilling crew and persuading my team to 
do the best in every activity on the rig requires a strong 
relationship, especially when things start going down the drain... I 
felt this during this upgrade... When returning to Brazil things 
must be improved because there are many drillers sceptical about 
the management posture...”
o
O
“I did not get involved properly in this upgrade. In my opinion we 
must go back to the basics in terms o f engineering project 
management and users... They [the engineering team] change the 
platform and oil rig in many respects, some unpredictable in our 
daily routines... But I will keep doing my job the way I have 
always done it...”
( - )
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APPENDIX V
Tools for the field study
UniS
University 
of Surrey
"PARTICIPATION, ATTITUDES AND THE DESIGN OF TECHNICAL 
SYSTEMS______________________________________________
QUESTIONNAIRE I
Personal Data and Background
EIHMS_________________________________ ^
European Institute of Health and Medical Sciences 
Robens Centre for Health Ergonomics 
University of Surrey
UniS
University 
of Surrey
PARTICIPATION, ATTITUDES AND THE DESIGN OF TECHNICAL SYSTEMS
QUESTIONNAIRE I Job Data and Training Background
Dados do Trabalho e Treinamento em Perfuraçâo
• Lenght of work in the job:   (years)   (months)
• Length of work in the current oil rig/platform:   (years) _^___  (months)
• Length of work in the current employer:   (years)  (months)
• Where did you start your carreer as a driller?
• How did you start your carreer as a driller?
• Did you participate in entry program for training in the new job before starting working?
( )Yes ( )No
• Did you participate in any training program for computer-based drilling systems ?
( ) Yes ( ) No
Computer Literacy and Training
I have basic word processing skills (Word, Wordperfect, etc.)
) Yes 
) No
I have basic skills in spreadsheet applications (Excel, Dbase, etc.)
) Yes 
) No
I have basic skills in word processing, spreadsheet and programming 
) Yes 
) No
I received specific in-company computer trainining related to my job 
) Yes 
) No
I participated computing training by my own to improve my personal and professional knowledge 
) Yes
) No_______________________
UniS
University 
I of Surrey
PARTICIPATION, ATTITUDES AND THE DESIGN OF TECHNICAL SYSTEMS
QUESTIONNAIRE I Personal Data and Background
The purpose of this questionnaire is to investigate attitudes towards the new re-designed workstation. The 
questionnaire and interviews will be confidential. All results will be referred a specific coding whereby your 
identification will be not disclosed. Employee names and personal data will not be divulged in respect to the 
analysis, discussions or conclusions of the study.
It is concerned to ergonomics and design improvements in your workstation. It is an introductory 
questionnaire intended to enable the investigator occasionally contact you for further information. We would very 
much appreciate your assistance in answering the questions below. All necessary information will be given by the 
interviewee to you . We would be pleased for any suggestion or comments.
Many thanks in advance for taking your time and effort.
Personal Data
Name:
Company ID: 
Job:
Platform/Oil Rig:
Residencial address: Street
Post Code______________ . Telephone: L
Date of Birth: — 1— 1—
Marital Status: •' single Mamed
Sex: Male Fcmalc
W eight:_______ Kg
Height: ----------  J L
Educational Level: ( ) Secondary
( ) College
UniS
University 
off Surrey
PARTICIPAÇÂO, ATITUDES E O DESIGN DE SISTEMAS TÉCNICOS
QUESTlONARiO I
Dados do Trabalho e de Treinamento
EIHM S
European Institute of Health and Medical Sciences 
Robens Centre for Health Ergonomics 
University of Surrey
UniS
University 
of Surrey
PARTICIPAÇÂO, ATITUDES E O DESIGN DE SISTEMAS TÉCNICOS
(
QUESTIONÂRIO 1
r
Dados Pessoais e Gerais
V J V y
Este questionârio é a parte introdutària de um estudo que contempla aspectos de ergonomia e de melhorias 
no projeto de instalaçôes de perfuraçâo.
O propôsito do estudo, na quai se inclui o présente questionârio, é avaliaçâo de comportamento dos 
operadores em relaçâo à introduçâo de novos recursos técnicos e de design em postos de trabalho em sondas 
de perfuraçâo.
A anâlise dos dados obtidos resguardarâ a confidencialidade dos colaboradores participantes na présente 
pesquisa. Todos os resultados serâo tratados por um sistema de codrficaçâo que permitirâ a nâo identrficaçâo 
dos participantes. Sendo assim, fica resguardada a nâo divulgaçâo de nomes e dados pessoais corn resperto a 
artâlises, discussôes e concfusôes do estudo.
Uma adicional contribuiçâo ao objetivo deste questionârio, além da coleta dos dados bâsicos relatives aos 
participantes da pesquisa, é permitir ao pesquisador um contato imediato corn os participantes se eventualmente 
necessârio.
Agradecemos em murto sua colaboraçâo em responder as questôes que se seguem. Todas informaçôes 
necessârias e eventuais düvidas dos colaboradores poderâo ser dirimidas pelo pesquisador responsâvel pela 
estudo.
r DâdosPessoais I
Nome:C -J
Matricuia:
Cargo: Ç_
Plataforma/Sonda:
Endereço residencial:
Rua:
'\
CEP . Telefone:( )
V. y
Data de Nascimento
Estado civil: Q ( sotteiro )  O T casado )
Sexo: O C Masculino ) O CFeminino)
Peso: CZZZXEËD
AKura: C
Escolaridade: ( ) Primeiro grau 
( ) Segundo grau 
( ) Superior
UniS
University 
of Surrey
PARTICIPAÇÂO, ATITUDES E O DESIGN DE SISTEMAS TÉCNICOS
QUESTIONARIO I Dados do Trabalho e de Treinamento
Dados do Trabalho e Treinamento em Perfuraçâo
Tempo de serviço neste cargo/funçâo: C
Tempo de serviço nesta plataforma/sonda: C
Tempo de serviço na Companhia: C
(anos)
(anos)
(anos)
( ) (meses)
( ) (meses)
( ) (meses)
• Onde você iniciou sua carreira como sondador?
• Como você começou sua carreira como sondador?
• Você participou de prévio programa de treinamento antes de iniciar no cargo?
( ) Sim ( ) Nâo
• Você participou de algum programa de treinamento para operaçâo e contrôle de sistemas
computadorizados para perfuraçâo ?
( ) Sim ( ) Nâo
Dados Relatives ao Treinamento em Computaçâo J
• Possuo conhecimentos de processador de textes (Word, Wordperfect, etc.)
( ) Sim
( ) Nâo
• Possuo conhecimentos bâsicos de processador de planilhas (Excel, Dbase, etc.)
( ) Sim
( ) Nâo
• Possuo conhecimentos bâsicos de processador de textes e planilhas e programaçâo 
( ) Sim
( ) Nâo
Obtive treinamento especifico na companhia para utilizaçâo em minhas atividades 
( ) Sim 
( ) Nâo
Obtive treinamento nâo especifico por iniciativa prépria para use pessoal e atualizaçâo 
( )Sim
l ( ) Nâo ___________________________ ____________ ________________________
UniS
University 
of Surrey
PARTICIPATION, ATTITUDES, AND THE DESIGN OF TECHNICAL SYSTEMS
QUESTIONNAIRE II
Scales for Satisfaction and Participation
EIHMS
European Institute of Health and Medical Sciences 
Robens Centre for Health Ergonomics 
University of Surrey
UniS
University 
of Surrey
PARTICIPATION, ATTITUDES AND THE DESIGN OF TECHNICAL SYSTEMS
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General Instructions
Presentation
In th e  p resen t study w e  a re  concerned  with your evaluation on how  your participation a n d  th e  level o f satisfaction related to  th e  ch an g e s  in th e  design  
of your w orkplace m ay b e  influential your expectations and  attitudes tow ard th e se  changes. Also, w e  a re  in terested  in th e  evaluation of your level o f participation 
in th e  design  decisions.
This questionnaire is part of a  study that aim s to undertake an  ergonomic assessm ent and design evaluation in your workplace. It will preserved the 
confidentiality of partidpantsfnames or even information that might identify the origin of the opinions.
Answering the Questionnaire and How to fill it in
I w ould like to  a sk  you to  consider your involvement and  participation in d iscussions  regard ing  d esign  decisions in th e  platform upgrade. A lso, it will 
b e  im portant hearing from you a bou t your opinions concerning the  re-design. P lease, evaluate  your participation an d  th e  results achieved, by identifying th e  
im provem ents to  which you consider satisfying yourself.
This questionnaire  h a s  b een  d esig n ed  to a d d re ss  so m e  issu e s  for which sca le s  a re  proposed . P le a se  s e e  th e  sca le  below  a n d  e n te r  th e  nu m b er 
corresponding to  your b e s t choice. R eply in th e  box provided. For exam ple, if you w ere  a sk e d  to  evaluate  your satisfaction with the  quality o f your P ersonal 
Protective Equipment provided by your employer, the options within the  proposed evaluation scale  options might b e  applied according to the fofkwing:
1 I feel satisfaction w hen w earing m y personal protective equ ipm ent (PPE)..
2  My satisfaction with the  P P E  influenced not only by th e  protection th a t it provides but a lso  by its quality..
1 .1 strongly disagree
2 .1 disagree quite a lot
3 .1 disagree just a little
4 .1 am not sure about this
5 .1 agree just a little
6 .1 agree quite a lot
7 .1 strongly agree
All information and doub t should be  c leared  by th e  interviewer w ho will give the  required  suppo rt for any a sp e c t ra ised  during the  q u estionnaire  
completion. Your com m ents an d  suggestions  a re  w elcom ed s ince  they  ad d  value to  m ain objective of the  p re sen t study. After responding to th e  q uestionnaire , 
it m ust be  returned to the interviewer on board of your platform.
W e are  grateful in advance for your time and effort in participating in the present study.
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^Scale 1: Design Involvement
Introduction: For some members in the drilling crew, the engagement in activities in an oil rig is just an accepted way to
work; it does not matter if something is not fitting or operating well at drill floor such as tools, equipment or tasks. It is 
something they have to deal with. For others, the design of the workplace, the tasks and the resources available are 
something that really matters to them; such individuals are keen to introduce a new device or develop a new procedure 
to do the tasks that will make the operation more efficient.
First of all I would like to ask you about your participation and involvement in your work in general and about 
further improvement in terms of any modifications to lay out, tasks or procedures while working on drilling rigs. By 
participation, I mean a formal invitation by the company (through supervisor or manager) to give your opinions or 
suggestions regarding improvements on the rig design or lay out modifications.
Here are some statements which drilling crew members have made about drilling rig design and workers 
participation in the design process, in general. Without limiting yourself to your present job would you indicate on this 
scale below how strongly you agree or disagree with any comment in turn? Remember that I am asking about your work 
in general, not simply your present workplace.
y
1.1 Even if I did not receive promotion or recognition I would wish participate in workplace 
design improvement.................................................................................................................
1.2 Being involved in improvements into workplace design is very important to me.
1.3 I should be frustrated in being apart of modifications in my own drilling rig......
1.4 I would soon get bored if I had no chance for opinion or suggestion for design improvement in 
the drilling rig.................................................................................................................................... I
1.5 One of most important things that happen to me in the drilling work involves participation or^ 
work procedures and design changes............................................................................................. \__
^Please, s ee  the scale below and enter the number corresponding to  your best choice. Reply m the box provided. ^
1 - 1 strongly disagree 5 , agree just a ;mie
2 .1 disagree quite a lot 6 , agree quite a lot
3 .1 disagree just a little 7 ; strongly agree
4 .1 am not sure about this
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IScale 2: Intrinsic Motivation for Design Improvements
Introduction: Now, can we move in a little closer to your personal judgement? By concentrating on intrinsic motivation,
how do you personally feel about your participation in tasks evaluations or design improvements in your present 
workplace?
2.1 I feel a sense of personal satisfaction when I am asked to give any opinion or suggestion to 
improve or perform the tasks well...............................................................................................
2.2 My self esteem falls down if I do nothing to perform the tasks or improve work 
conditions........................................................................................................................
2.3 I take pride in doing my job and participate in design improvement as well as I can.
2.4 I feel unhappy when my suggestions or opinions are not considered in further changes at 
workplace...........................................................................................................................................
2.5 I like to look back around the oil rig with sense of something useful has been done.
2.6 I try to think of ways to improve my workplace effectively.
^Please, s e e  the scale belcw and enter the num ber Corresponding to  your best^ c ^  Reply m the bo* provided.________________________________  J
1 .1 strongly disagree
2 .1 disagree quite a lot
3 .1 disagree just a little
4 .1 am not sure about this
5 .1 agree just a little
6 .1 agree quite a lot 
7. I strongly agree
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[Scale 3: Workplace Design Satisfaction )
3.1 The physical work conditions changes.
3.2 The freedom to give your opinion on new methods of working or design
3.3 The recognition you get for your participation in workplace improvement improvement.
3.4 The opportunity to use your skill for design improvement on the workstation.
3.5 The way that workplace conditions are managed by your company.
3.6 The attention paid to suggestions you make for workplace improvement.
Please s e e  the sœ le  bek w  and  enter th e  numtier coriespondmg to your best choice. Reply: m the  t a x  provided.:
PARTICIPATION, ATTITUDES AND THE DESIGN OF TECHNICAL SYSTEMS
4 .1 am not sure about this.
2 .1 am very dissatisfied.
3 .1 am moderately dissatisfied.
1 .1 am extremely dissatisfied.
6 .1 am very satisfied.
7 .1 am extremely satisfied.
5 .1 am moderately satisfied.
Introduction: The next set of items deals with various aspects of your present workplace. I would like you to tell me
about how satisfied or dissatisfied you feel with each items concerning your participation on task re-design as a result of 
introduction of new equipment, or workplace design improvements in your current work environment.
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Scale 4: Job Characteristics
^Please s e e  the scale bèkw  and enter the num ber corresponding tei your best choice. Reply in the b ac  provided..
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4. There is quite a lot of that in my job.
2. There is just a little of that in my job.
3. There is a moderate amount of that in 
my job.
1. There is none of that in my job. 5. There is a great deal of that in my job.
Introduction: You may have feel that some items in the previous question deals with various aspects of that were not
present in your workplace. It is likely that some of the aspects did apply to your job and the degree of involvement and 
participation, others applied less or not at all. Could we go through a small number of these aspects again, together with a 
few new ones. Now, could I ask you how much you feel each aspect described below is present in your job ?
4.2 The amount of responsibility that you are given for suggesting improvements in 
the workplace............................................................. .....................................................
4.1 The freedom to give opinion on new/existing methods of working or design.
4.3 The recognition that you get for your participation in the workplace improvements.
4.4 The opportunity you have to use your skill for design improvements on your workstation
4.5 The way that workplace conditions are managed by your company.
4.6 The attention paid to suggestions that you make for workplace improvements.
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Scale 5: Ergonomics Awareness and Commitment
Please s e e  Ihe scale  betow and enter the num ber corresponding to  your b est choice. Reply in the box provided.
Just a little concerned
Not at all concerned
Concerned a little
Mildly concerned
5. Quite concerned
6. Very concerned
7. Extremely concerned
Introduction: Now lets look at the things that are related to your job. Please give your opinion about what things are
important in your job and what things are less important in your personal view. I would like you to consider some wider 
aspects of the role of your job as a supervisor or team leader, if applicable, that go beyond the requirement to perform the 
tasks; nevertheless, these aspects may include it. How do you feel about:
5.1 Involvement in recent design and modifications of lay out based on your overall tasks 
performance................................................................................................................................
5.3 Accident rate and Illness level among teamwork members.
5.2 Job satisfaction among teamwork members.
5.5 The way that workplace conditions are managed by your company.
5.4 Job motivation among teamwork members.
5.6 The attention paid to suggestions from the drilling crew about workplace improvements.
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Scale 6: Level of Importance of the Design Attributes to the Users
ç N
Introduction: So far we have thought a great deal about your performance and design attributes of your workstation to 
perform the assigned tasks. 1 am going to mention a number of design attributes which you might look for in a typical 
workstation like yours. Please, considering the scale below how important each one is when you think about the tasks 
assigned to your specific job.
------------------------
(6A  Driller’s Line of Sight (A1)......... ..................................................................
6.2 Control Design (A2)...................................................................................
6.3 Display Design........(A3)...................................................................................
6.4 Controls and Displays Location (A4).............................................................
6.5 Labels and Instructions (A5)............................................-...........................
6.6 Drillers Protection (A6)....................................................................................
6.7 Seating (A7)........................
6.8 Workspace (A8).............................................................................................
6.9 Warning Systems (A9)...................................................................................
6.10 Driller’s Cabin Lighting (A10)........................................................................
6.11 Noise &Thermal EnvironmentalControl (A11)..............................................
6.12 Communications Resources (A12)..............................................................
^Please, s e e  the sca le  below and enter the number corresponding to your best choice. Reply in the  box provided.
1. Not all important s. Fairly important
2. Not particularly important 6- Very important
3 .1 am not sure about its importance 7_ ^ m e l y  important
4. Moderately important
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C
Instruçôes Gerais
Apresentaçâo
No présente estudo estâm es interessados em sua  avaliaçâo d e  como sua  participaçâo e  o  grau d e  satisfaçâo nas mudanças a  nrvet d e  projeto e  
arranjo do seu  local d e  trabalho pode influenciar suas  expectatives e  attitudes em  relaçâo aos resultados d essa s  iniciativas. É de  intéressé tam bém  sua 
avaliaçâo quanto ao seu nfvel de  participaçâo para a s  modificaçûes introduzidas no p re sto .
Este Questionârio é  parte de um estudo objeSvando uma avaliaçâo de ergonomia e  projeta em  seu posta de  trabalho.
O  présente questionârio, no âmbito desta pesquisa, é  confidential e  em hipétese alguma sera cfivulgados nomes de participantes ou mesmo tear das 
MormaçOes do questionârio que identifiquem a  autoria das opiniôes
Respondendo ao Questionârio e Forma de Preechimento
Considère o seu  envolvimento durante a s  discussôes que s e  realizaram relatives ao upgrade da sonda d e  perfuraçâo e  da platafbrma e  a s  opiniôes 
relativas a s  modificaçôes propostas. Avatie a  sua participaçâo e  os resultados obtidos, identificando melhorias para a s  quais você se  considéra satisfiata.
No présente questionârio sâo  propostas questôes nas quais é  ferto o uso de  escalas de  avaliaçâo . Você poderâ responder à  e s ta s  q uestôes  
marcando com um valor numérico a  opçâo que melhor corresponde à  sua  opiniâo. Por exempta, s e  você fosse soliotado para avaliar sua satisfaçâo  corn a  
gigfiffafto do Equtpamento de  Proteçâo Individual (EPI) adquirido pela Companhia, ao utihzar a escata de  avaliaçâo proposta, opçôes poderiam ser interpretadas 
conforme o  seguinte:
1 Eu m e sinto satisfaite em  usar o  meu Equipamentp de  Proteçâo Individual..
2  Minha satisfaçâo corn o  EPI influenciada nâo apenas pela proteçâo m as também pelo qualidade..
1. Eu ptenamente dtscordo
2. Eu discorde bastante
3. Eu discorde um pouco
4. Eu nâo nâo concorde nem discorde 
sobre isto.
5. Eu concorde um pouco
6. Eu concordo bastante
7. Eu ptenamente concordo
Todas a s  informaçôes necessârias e  eventuais dévidas serâo  fomecidas pelo pesquisador que darâ assistência adicional para qualquer indagaçâo  
que porventura seja necessâria. Comentârios e  sugestôes serâo  bem-vindos, constituindo-se em  uma adicional colaboraçâo sua para a  rea lizaçâo  do 
présente estudo. Apôs respondido o  questionârio, este deverâ ser netomado ao pesquisador responsâvel pelo estudo em sua pfcataforma.
Um agradecimento antetipado é  feito de nossa parte por seu tempo e esfbrço em partietpar da présente pesquisa.
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Escala 1: Envotvimento e Participaçâo em Projetos e Modificaçôes em Locais de Trabalho J
Utihze a  escala abaixn e  assmate o  nümen» que corresponde à  sua nx*o r opçâo. Marque o  vakr afribufdo no espaço ao  final d e  cada afiimabva
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Eu ptenamente discorde
Eu discorde um pouco
Eu nâo nâo concordo nem discorde 
sobre isto.
Eu discorde bastante
Eu concordo um pouco
Eu ptenamente concordo
Eu concordo bastante
1.1 Mesmo que eu nâo receba algum reconhecimento ou promoçâo eu gostaria de 
participer em iniciativas para melhoria no projeto de locais de trabalho trabalho... .. ....
1.2 Estar envolvido em melhorias no trabalho é muito importante para mim...........................
1.3 Eu ficaria frustrado em nâo participer de modificaçôes para melhorias em minha propria
platafbrma de perfuraçâo.....................................................................................................
1.4 Eu poderia ficar fâcilmente aborrecido se eu nâo tivesse a oportunidade para opinar ou 
dar sugestôes para melhoria no projeto da plataforma perfuraçâo....................................
1.5 Uma das coisas mais importantes para mim envolve minha participaçâo objetivando 
mudanças em procedimentos de trabalho e de projeto de locais de trabalho....................
Introduçâo: Para algumas pessoas que compôem a équipé de perfuraçâo trabalhar em uma sonda poderia ser apenas
uma forma aceitâvel para se trabalhar, nâo importando se algum aspecto fisico ou operational nâo esta se ajustando 
bem as exigêntias do trabalho, tais como ferramentas, equipamentos ou mesmo seqüência de tarefas de perfuraçâo. 
Esses problemas sâo algo corn o que se tem que lidar no dia a dia. Para outras pessoas, as condiçôes do ambiente de 
trabalho, as tarefas e os recursos disponiveis para o trabalho sâo assuntos que realmente importa em seu dia a dia. 
Para estas pessoas hâ um grande interesse em modificaçôes e melhorias, ou mesmo a introduçâo de um novo 
procedimento para execuçâo das tarefas para tomar o trabalho de uma forma gérai mais efitiente.
Primeiramente gostarîamos de Ihe perguntar sobre o seu nivel de participaçâo e envotvimento em seu local de 
trabalho de uma maneira gérai, incluindo sua eventual contribuiçâo para melhorias em termes de lay out, tarefas ou 
procedimentos em seu trabalho em sondas de perfuraçâo. Por participaçâo, entenda uma formai solicitaçâo ou convite 
por parte de sua empresa(através de seu supervisor ou gerente) a fim de dar opiniôes ou sugestôes objetivando 
modificaçôes para melhorias de arranjo e projeto de locais de trabalho na sonda ou plataforma.
Abaixo apresentamos algumas afirmaçôes as quais membres de équipés de perfuraçâo têem feito a cerca do 
projeto e recursos técnicos de sondas de perfuraçâo e a participaçâo dos operadores no projeto das mesmas de uma 
maneira gérai. Sem limitar você mesmo ao seu présente cargo ou funçâo, poderia você assinalar nas escalas de 
avaliaçâo abaixo sua opiniâo em concordância ou nâo para cada afirmativa?
Nâo se esqueça que estamos tratando sobre o seu trabalho de uma maneira gérai, nâo simplesmente para o seu 
atual local de trabalho (plataforma/sonda).
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^Escala 2: Motivagâo Intrinsica para Melhorias de Locais de Trabalho J
Introduçâo: Podemos agora avaliar a motivaçâo para participar em atividades de melhoria do seu local de trabalho de
um ponto de vista mais pessoal ? Levando em conta sua motivaçâo pessoal, como você se sente considérando a sua 
participaçao em reavaliaçâo de tarefas devido a novos sistemas e equipamentos ou melhorias de projeto no seu atual 
posto de trabalho?
2.1 Eu sinto um sentimento de satisfaçâo pessoal quando sou convidado a dar opiniâo ou 
sugestôes para melhorar ou executar bem as tarefas.......................................................
2.2 Minha auto-estima é negativamente influenciada se eu em nada contribue mediante participaçâo 
para melhoria na performance na execuçâo das tarefas ou melhoria das condiçôes 
meu posto de trabalho...................... ...................................................................................
2.3 Eu tenho orgulho em executar o meu trabalho e por participar em melhorias de projeto 
tâo bem quanto eu possa.....................................................................................................
2.4 Eu nâo me sinto feliz quando minhas sugestôes ou opiniôes nâo sâo consideradas 
em eventuais modificaçôes no meu posto de trabalho.................................................
2.5 Eu gosto de olhar em volta da plataforma ou da sonda e ver que alguma melhorias têm 
sido feita...........................................................................................................
2.6 Eu tento pensar em novas maneiras para melhorar meu local de trabalho de forma 
efetiva....................................................................................................................
U W e a  escala abaixo e  assmate o  nümero : que cottespondc à  sua melhor opçao. ; Marque o  valor atrtoufdo no espaço ao final d e  cada afim iativ^ï
m
1. Eu plenamente discorde
2. Eu discorde bastante
3. Eu discorde um pouco
4. Eu nâo nâo concordo nem discorde 
sobre isto.
5. Eu concordo um pouco
6. Eu concordo bastante
7. Eu plenamente concordo
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^Escala 3: Satisfaçâo com o Design dos Locais de Trabalho
Introduçâo: 0 proximo conjunto de items trata de varios aspectos relacionados ao seu local de trabalho. Gostarîamos
que você avaliasse o quâo satisfeito ou insatisfeito você se sente corn cada um dos desses items considerando sua 
participaçâo em tarefas de modrficaçâo e projeto devido à introduçâo de novos equipamentos de perfuraçâo, definiçâo de 
tarefas ou melhorias no projeto do seu atual posto de trabalho.
3.1 Introduçâo de mudanças positivas nas condiçôes fisicas do seu trabalho.
3.2 Liberdade para dar opiniâo ou sugestôes em novos métodos de trabalho ou 
projeto de instalaçôes........................................................................................
3.3 Reconhecimento que você recebe por sua participaçâo em melhorias no local 
de trabalho.............................................................................................................
3.4 Oportunidade que você tem para usar sua habilidade em melhorias em seu posto 
de trabalho................................................................................................................... .
3.5 Estratégias de gerenciamento das condiçôes de trabalho por sua empresa.
am
3.6 Atençâo dada para as sugestôes que você faz para melhorias no seu trabalho.
LAIee a  abobm e  assmale o nümemx que caresponde à  sua ^ J
1. Eu estou totalmente insatisfeito.
2. Eu estou bastante insatisfeito.
3. Eu estou um pouco insatisfeito.
4. Eu nâo tenho certeza sobre isto.
5. Eu estou um pouco satisfeito.
6. Eu estou bastante satisfeito.
7. Eu estou totalmente satisfeito
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Escala 4: Caracterîsticas do Trabalho
z .
Introduçâo: Você percebeu que alçjuns itens nas questôes anteriores tratam de vârios aspectos que nâo estariam 
présente em seu posto de trabalho. E provâvel que alguns dos aspectos nâo se aplicaram diretamente ao seu trabalho 
em termes de questôes relacionadas ao nivel de envotvimento e participaçâo no trabalho, outras se aplicaram um pouco 
e outras nâo. Podemos nos avaliarmos um pouco mais através de um pequeno numéro desses aspectos novamente, em 
associaçâo corn alguns outres novos aspectos? Gostarîamos de saber como você se sente em relaçâo a presença de 
cada um desses aspectos em seu trabalho.
v_
4.1 Uberdade para dar opiniâo em existantes ou novos métodos de trabalho ou 
critérios de projeto...............................................................................................
4.2 Nivel de responsabilidade dada a você para sugerir melhorias no local de
trabalho.............................................................................................................. .
4.3 Reconhecimento que você recebe por sua participaçâo em melhorias no
local de trabalho.................................................................................................
4.4 Oportunidade que você tem para usar sua habilidade em melhorias em seu
posto de trabalho................................................................................................
4.5 Estratégias de gerenciamento das condiçôes de trabalho por sua empresa........
4.6 Atençâo dada para as sugestôes que você faz para melhorias no seu trabalho.
%
■ UtSize â vescati ab a ro ïe  assinate o  nümero:::;qire :cofrespoixiB;:à 5U3::melhor.opçâOv:;ÿ
1. Isto nâo existe no meu trabalho
2. Isto pouco existe no meu trabalho
3. Isto existe moderadamente em meu 
trabalho
4. Isto existe em muito no meu trabalho
S.lsto existe em muito, sendo uma grande 
vantagem no meu trabalho.
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Escala 5: Conscîentizaçao e Comprometimento Relative à  Ergonomia
Introduçâo: Vamos agora considerar as coisas que sâo relacionadas ao seu dia à dia no trabalho. For favor de sua
opiniâo quanto aos aspectos que sâo importantes para o seu trabalho e aqueles que nâo sâo tâo importantes assim. 
Gostarîamos que você considérasse alguns aspectos de forma mais ampfa relativas ao seu trabalho como supervisor ou 
lîder de équipé, se aplicâvei, e que possam ir além das exigencies para execuçâo de tarefas de perfuraçâo inerentes ao 
sondador, embora você possa também incluî-los. Como você se sente em relaçâo à (ao):
l y
/ -------------- —-------------->
r ---------------------- -------------------------------- - \
5.1 Envotvimento em modificaçôes e melhorias de projeto baseado em sua performance 
gérai para execuçâo de tarefas........................................................................................
" a #
5.2 Satisfaçâo no trabalho entre os membres de sua équipé...............................
5.3 Taxa de acidentes e doenças do trabalho entre os membres de sua équipé. 1— 1=
5.4 Motivaçâo para o trabalho entre os membres de sua équipé.................................................. 1 j
5.5 A maneira que as condiçôes de trabalho sâo administradas pela empresa............................ I I
IIÉS
5.6 A atençâo dada às sugestôes apresentadas pelos membres da équipé para melhorias......... | k
Ubhze a  escala a bao»  e  asslnate o  numéro que conesponde  à  sua  melhor cpçao. Marque o  vakx ambuMo no espaço  ao  final d e  c ad a  afirm ativa
1. Estou extremamente desinteressado
2. Estou apenas um pouco interessado
3. Estou moderadamente interessado
4. Estou interessado
5. Bastante interessado
6. Estou totalmente interessado
7. Estou extremamente interessado
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Escala 6: Nivel de Importância dos Abibutos de Design para os Usuârios
Introduçâo: Até entâo ênfase nâo foi dada em relaçâo a sua performance e quanto aos aspectos de projeto do seu local 
de trabalho a fim de realizar as tarefas requeridas. Iremos agora mencionar um conjunto de atributos e caracteristicas de 
projeto os quais você poderia procurer como recursos de operaçâo em uma cabine de sondador como a sua. Por favor, 
considerando a escala de importância abaixo, avalie cada um desses atributos quando você leva em conta as tarefas 
necessârias para execuçâo no seu posto de trabalho.
C
6.1 Linha de visâo extema do sondador na cabine (A l)...............................
6.2 Desenho e forma dos contrôles de equipamentos e sistemas (A2)..........
6.3 Desenho e forma dos instrumentas e displays (A3).................................
6.4 Localizaçâo e arranjo dos instrumentas e displays (A4)..........................
6.5 Identificaçâo de equipamentos e sistemas, instruçôes de operaçâo (A5).
6.6 Proteçâo para o sondador (A6)....................................................................
6.7 Design and caracteristicas dos assentos para o sondador (A7)................
6.8 Espaço de trabalho (A8)..............................................................................
6.9 Sistemas de alarme (A9).............................................................................
6.10 lluminaçâo (A10)..........................................................................................
6.11 Rufdo e contrôle ambiental (A11)................................................................
6.12 Recursos de comunicaçâo da cabine (A12)..............................................
m m
m
" C 3 ;:
L&lize a  escala abaixo e  assmate o  numéro que corresponde à  sua  melhor opçâo. Marque o  valor atnbuido no espaço ao final d e  cada afirmativa D
1. Nâo é importante
2. Nâo é particularmente importante.
3. Eu nâo estou certo sobre a importância
4. Moderadamente importante
5. É importante
6. É Muito importante
7. É Extremamente importante
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QUESTIONNAIRE III
Scales for Attitude and Participation
EIHMS
European Institute of Health and Medical Sciences 
Robens Center for Health Ergonomics 
University of Surrey
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QUESTIONNAIRE III )  (  Scales for Attitude e Participation
X.
General Instructions
Presentation
In this study we are interested in your judgements of how your participation in design improvements in workplace 
influences your expectations and attitudes. Also, we are interested in how reliable you believe the driller’s workstation is now 
after its re-design.
First, think about your involvement during the discussions related to the oil rig refurbishment and upgrade project and 
opinions concerning the modifications introduced. If you think about your involvement and participation in critical decisions 
toward the usability and overall performance, you can probably think of some situations where you made suggestions and it
provided improvements to the design which you trust in.
For example, I have been participating in communal meetings in my neighbourhood and most of the enhancements in 
my street such as traffic light, playgrounds, and gardens. For all decisions in my neighbourhood the households had a chance in 
participating, including myself. The Borough administration takes decision based on our feedback and we can enjoy all the 
enhancement introduced. My intention is to continue always living there. In the same way to our neighbourhood we can also 
consider our workplace.
In the questionnaire you are about to fill out we ask questions which make use of rating scales with seven places; you are 
asked to make a cross mark fX *) in the place that best describes your opinion. For example, if you are asked to rate T h e  quality 
of your Personal Protective Equipment*(PPE) on such scale, the seven places should be interpreted as follows:
The qjaity of you- Personal Proledive Equpmerf is:
Bdremeiy d ite  siÿtty neither d ite  siÿtfy Extremely 
If you tttr* you- PPE is neither good or bad, then you woUd place you- mark as fdows: 
• The qjaity of you- Personal Protective Edipmert* is:
X .Good
Extremely d ite stiçhly neither d ite  sfÿüy Extremely
h  making you- ratings please remember the fol owing poids:
a) Place you marks in the tridde of spaces, not on the bondaries:
Bad X. X. Good
\_
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QUESTIONNAIRE III Scales for Attitude and Participation
Dimension: Intention
(Question 1................... )
1) My intention is to work with confidence in the new Driller’s workstation:
I disagree I agree
Extremely quite slightly neither slightly quite Extremely
(Question 2 )
2) My intention is to work cautiously in the new Driller’s workstation:
I dtsaoree : I agree
Extremely quite slightly neither slightly quite Extremely
(Question 3
3) My intention to work with confidence in the new Driller’s workstation is a result of my participation in its design 
improvements:
I disagree I agree
Extremely quite slightly neither slightly quite Extremely
(Question 4 J
4) My intention is to work cautiously in the new Driller’s workstation due to my reduced opportunity for participating in its 
design improvements:
disagree I agree
Extremely quite slightly neither slightly quite Extremely
Dimension: Attitude
(Question 5 I
• 5) My own expectation to work with confidence in the new Driller’s Workstation is:
Sceptical Confident
Extremely quite slightly neither slightly quite Extremely
^pyaa€aa niai<p ihR appfripnat& point : on Ihe scab wlwdi best descnfae ixw  you feet J
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Scales for Attitude and ParticipationQUESTIONNAIRE III
Dimension: SuiMëctive Norm
(Q uestions______________
Due to my participation in the re-design of this workstation most people who are important to me believe that (co­
workers, supervisors, managers):
I am not Expected : ___: :  , ,A: ■ ■r j a51To work with confidence in the new Drillers Workstation
(Question? )
Because of my previous experience in this job most people who are important to me within the company think (co-workers, 
supervisors, managers):
I am not Expected : : :____:— , . .. /  — *am Expected
To work with confidence in the new Drillers workstation______________    '
Dimension: Expected UtiHty
(Questâo ft..............................................................
The advantage of my participation in the re-design of this workstation is that it enables my performance at work to be
better:
I Dîsaoree  :______ :________I Agree
Extremely quite slightly nerther slightly quite Extremely
J(Q !^ #m 9:##
The advantage of my participation in the re-design of this workstation is that it improves the safety level.
I Disagree
Extremely quite slightly neither slightly quite Extremely
I Agree
(Question 10
The advantage of my participation in the redesign of this workstation is that it increase my trust in the system design 
while operating on it:
AgreeI DisagreeExtremely quite slightly neither slightly quite Extremely
(Question 11 3
The advantage of my participation in the redesign of this workstation is that the operator’s suggestions improved the 
comfort level at workplace:
I AgreeDisagreeExtremely quite slightly neither slightly quite Extremely
(Question 12 j
The advantage of my participation in the redesign of this workstation is that H increases the satisfaction to work on it:
I Disagree Extremely quite slightly neither slightly quite Extremely
I Agree
x_
please, m ate the appropriate point on the scale which best descnbe hew you feet J
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( QUESTIONNAIRE III ) (  Scales for Attitude and Participation j
Ç  ’ Dimension: Referents J
(Question 13
I interacted with drillers who provided me a positive reference about performance while working in computer-based
driller's workstation
I D isaoree ______ z - •   I Aqtco
Extremely quite slightly neither slightly quite Extremely
J(Q u estion #________________ _________
I interacted with drillers who provided me a positive reference about reliability when working in computer-based driller’s 
workstation:
I Disaoree : :______ :________I Açpee
Extremely quite slightly neither slightly quite Extremely
(Question 15   . ..
I interacted with drillers who provided me a positive reference about overall satisfaction for working in computer-based 
driller’s workstation.
Extremely quite slightly neither slightly quite Extremely
I Agree
(Question 16 3
I interacted with supervisors and managers who provided me a positive reference about performance while working in 
computer-based driller’s workstation.
I Disaoree •_____ -______ : I Agree
Extremely quite slightly neither slightly quite Extremely
(Question 17 3
interacted with supervisors and managers who provided me a positive reference about reliability for working in 
computer-based driller’s workstation.
I Disaoree : :______ :______  :______ : I Agree
Extremely quite slightly neither slightly quite Extremely
(Question 18 I
I interacted with supervisors and managers who provided me a positive reference about overall satisfaction for working in 
computer-based driller's workstation.
DisagreeExtremely quite slightly neither slightly quite Extremely
I Agree
please, mate; the appropriate point on the scale which be^ describe hc*y: you feet )
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( QUESTIONNAIRE III J( Scales for Attitude and Participation
L
isioWiBeltefs#:#
(Question 19
My participation in the re-design of the new Driller’s Workstation has enabled me to work with confidence.
I disagreeExtremely quite slightly neither slightly quite Extremely
agree
(Question 20 ____________________
My involvement in the re-design of the new Driller’s Workstation will help the overall drilling performance.
UnlikelyExtremely quite slightly neither slightly quite Extremely
Likely
; Dimension: Expected Results J(Question 21 J
My past experience in the drilling operation will help to maintain the drilling performance, even though I was not involved 
in the re-design of the new Driller’s Workstation.
UnlikelyExtremely ' quite slightly neither slightly quite Extremely
Likely
>(Question 22
I will be able to maintain the drilling performance even if I was not involved in the re-design of the new Driller's 
Workstation.
I disagree : :-------- -■---------- Î------------ 1 *9*
V
Extremely quite slightly neither slightly quite Extremely
c Dimension: NoimaBve:: Bdiefe
(Question 23 J
Due to my past experience in drilling operations I must to maintain the drilling performance of the redesigned new 
Driller’s Workstation
Unlikely Jikely
(Question 24
Extremely quite slightly neither slightly quite Extremely
My supervisor and manager think:
To maintain the performance even not getting involved in he re-design of the Driller’s workstation
should
^Please, male tte appropriate point on the scale which best describe hew you feet J
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QUESTIONNAIRE III ) (  Scales for Attitude and Participation
Dimension: Motivation to Comply
(Question 25 )
Generally speaking I want to maintain the drilling performance when working in the re-designed Driller's Workstation as 
my supervisor and manager think that I should do:
1 disaoree : : : : : 1 agree
Extremely quite slightly neither slightly quite Extremely
(Question 26 )
Generally speaking 1 want to maintain the drilling performance when working in the re-designed Driller’s Workstation as 
my co-workers expect that 1 should do:
1 disagree : : : : : 1 agree
Extremely quite slightly neither slightly quite Extremely
(Question 27 )
Generally speaking 1 want to maintain the drilling performance when working even if 1 have not participated in the re­
designed Driller’s Workstation:
1 disaoree 1 agree
Extremely quite slightly neither slightly quite Extremely
(  Comments and suggestions
/.  • «a    a. _ _  ♦ tiie  «Please, w e appreciate any comment or suggestion concerning to this study that you consider useful or relev a n t
$Please, make the appropriate point on ftte scale which best describe txw you feet
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Escalas de Attitude e Participaçâo
EIHMS
European Institute of Health and Medical Sciences 
Robens Centre for Health Ergonomics 
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A
QUESTIONARIO III j  (  Escalas de Atitude e Participaçâo j
Instrugdes Gerais . J
Apresentaçâo
No presente estudo estamos interessados em sua avaliaçâo de como sua participaçâo em mudanças a nivei de projeta e arranjo do seu local de 
trabalho, pode infiuenciar suas expectativas e  attitudes em relaçào aos resultados dessas iniciativas. É de interesse também sua avaliaçâo quanta a 
conftabilidade e nfvel de performance que vocé acredita que a estaçâo de trabalho proporaone apôs as modiücaçôes introduzidas no projeta.
Este Questionâho é parte de um estudo objehvando uma avaliaçâo de ergonomia e projeta em seu posta de trabalho.
O présente questionàrio. no âmbito desta pesquisa, é confidential e em hipôtese alguma serâo divulgados nomes de participantes ou mesmo teor 
rfeyi informaçôes do questionàrio que identifiquem a autona das optniâes.
Respondendo ao Questionàrio e Forma de Preechimento
Primeiramente considère o seu envoMmento durante as discussôes que se realizaram retativas ao upgrade da sonda de petforaçâo e  da pfcîtaforma e 
as opinifles relatrvas as modificaçOes propostas. Se vocé analisar seu envoMmento e  participaçâo em decisôes crfticas ou nâo relativas a operaçâo. 
performance e fatilidade de uso de novos equipamentos para o upgrade da sonda, vocé poderâ provavelmente identificar algumas srtuaçées onde vocé afinal 
pôde dar opiniôes e fazer sugestOes a nrvel de projeta, as quas vocé acredita nâo melhorar o seu local de trabalho.
Por exemplo. eu tenho partitipado em reunifies comunitârias em meu bairro e  na discussâo da maioria dos melhoramentos introduzidos em  minha 
nia tais como sinais de transita, jardins e  areas de lazer. Em todas as decisôes em minha vizinhança os moradores tveram a  oportunidade de participât, 
incluindo eu mesmo. A administraçâo do bairro toma as decisôes baseada em nosso feedback e assim podemos desfrutar das melhorias introduzidas. Minha 
infonçâo continuar morando na mesmo bairro. Esta süuaçâo da mesma maneira pode ser considerada em nosso local de trabalho.
Neste questionàrio apresentado para que vocé responda estâo sendo propostas questôes nas quais e feito o uso de escalas de avaliaçâo. Vocé 
poderâ responder à estas questôes marcando com um X a opçâo que methor corresponde à  sua opiniâo. Por exemplo, se vocé fosse questionado quanta a 
qualidade do seu equrpamento de Proteçâo I n d iv id u a l^  utiSzando a escata de avaliaçâo, as opçôes poderiam ser interpretadas conforme o seguinte:
• "A OLEidade do seu Equpamerto de Proteçâo Indudual (EPI) é  *:
Extremamerte Bastarte Ugeiramerte Mais ou Bastarte Ligdramerte Extrenoamerte 
Menos
Se vocé pensa que a quaidade do seu EPI nâo é boa nem mâ. ertâo vocé poderia assinelar 
- "A Qurtdade do seu Equpamerto de Proteçâo Induduai (EPI) é *:
Mâ ________ • ______ :----------- '•----------  a----- ------------■  ■------------
Extremamerte Bastarte ligdramerte Mais eu Bastarte Ugeiramerte Extremamerte 
Menos
Ao mtrcar suas respostas nâo se esqueça dos segjrtes aspect os: 
a) Assirrte suas opçôes na escaia na parte écrirai, nâo nos extremos da escaia:
Assim nâo desse modo
Todas as informaçôes que necessârias serâo fomecidas pelo pesquisador que darâ assistência adicional para qualquer indagaçâo que porventura 
seja necessâria. Comentârios e sugestôes serâo bemMndos. constituindose em uma aditiona! ctiaboraçâo sua para a realizaçâo do présente estudo. Apôs 
respondido o questionàrio, este deverâ ser retomado ao pesquisador responsâvel pelo estudo em sua pfataforma
Um agradetimento anteerpado é feito de nossa parte por seu tempo e  esforço em partietpar da prescrite pesquisa
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(  QUESTIONÀRIO III j (  Escalas de Atitude e Participaçâo______ j
i Dimensào: Intençâo  J
(Questâo 1
Minha intençâo é trabalhar com confiança na nova cabine do sondador:
Eu discordo_______ : ______ :__________:_______ :_________ "------------- '------------------ concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 2
Minha intençâo é trabalhar cautelosamente na nova cabine do sondador:
Eu discordo_______ : ______ :__________:_______ •_________ :------------- "------------- ^u concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
________________ menos
(Questâo 3 r.'.. - : : : : : : - )
Minha intençâo é trabalhar com confiança na nova cabine do sondador devido a minha oportunidade em participar no 
processo de melhorias no seu design.
Eu discordo_______ : ______ ;__________:_______ •_________ "------------- '■------------------ concon*)
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
________________  menos
(Questâo-4::  ^ ' ' -  . \
Minha intençâo é trabalhar cautelosamente na nova cabine do sondador devido a minha reduzida oportunidade em 
participar no processo de melhorias de seu design.
Eu discordo_______ :_______ :__________: :_________ :------------- •------------- Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
Ç : "" • ■ Dnnensâo: Atitude_________    )
(Questâo 5
Eu me sinto confiante para trabalhar na nova cabine do sondador.
Discordo  :   L______ ^  ----------- J—  — Concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
f Utilize a escaia e assinaleointavalo que conBsponde à s æ  me4horopçao. Marque com um X a sua optniao em um dos espaças : para cada atinnativa j
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( QUESTIONÀRIO III j  (  Escalas de Atitude e Participaçâo
Dimensào: Norma Subjetiva
(Questâo 6
Devido à minha participaçâo no re-design da cabine do sondador, a crença da maioria das pessoas que sâo importantes 
para mim dentro da Companhia (colegas, superviseras, gerentes) é a de que:
Eu nâo poderia : ______ : : : : :  Eu poderia
_trabalhar corn confiança na nova cabine do sondador
(Questâo 7 : : :v. C y \  - ■ /  ..y
Devido à minha experiência no cargo de sondador, a expectativa da maioria das pessoas que sâo importantes para mim 
dentro da companhia (colegas, superviseras, gerente) é a de que:
Eu nâo poderia : ______ : : : : : Eu poderia
  trabalhar corn confiança na nova cabine do sondador______________________________________ ,
C Dimensào: Valor Utilitârio A
(Questâo 8
A vantagem em ter participado como operador no re-design da cabine do sondador é que isto me capacita à uma melhor 
performance no trabalho.
Eu discordo _____ : ______.    : : : : Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 9 - - ■ - ; y ■; - ' • • • :.Y ... : V:,: - ' : .--x; )
A vantagem em ter participado como operador no re-design da cabine do sondador é que isto aumenta o nivel de
segurança das operaçôes.
Eu discordo _____ :  :  : : : : Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 10 :  ^ - U .)
A vantagem em ter participado como operador no re-design da cabine do sondador é que isto aumenta a minha confiança
no sistema quando opérande.
Eu discordo _____  : :  :  :  : Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 11 )
A vantagem em ter participado no re-design da cabine do sondador é que as sugestôes do operador melhoraram o nivel 
de conforto do posto de trabalho (cabine do sondador)
Eu discordo _____ : :  : : : : Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 12 )
A vantagem em ter participado no re-design da cabine do sondador é que isto promove a satisfaçâo em trabalhar nela.
Eu discordo_______ :______ :_________ : :_________:______ :_______ Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
| Utilize a escaia e assinale o intervato que axresponde à sua melhor opçâo. Marque com um X a sua opiniâo em um dos espaços para cada afïnnativa . J
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f  QUESTIONÀRIO III j  f  Escalas de Atitude e Participaçâo
( - " ' ' ' :  ^  ^ . -  Dimensào:vReferertes V - ^  . )
(Questâo 13
Eu tive contato com sondadores que me fomeceram uma referenda positiva sobre o nivel gérai de performance para 
trabalhar em uma cabine de sondador dotada de sistemas de operaçâo baseados em computador.
Eu discordo  :     : : :  : Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 14
Eu tive contato corn sondadores que me forneceram uma référéncia positiva sobre o nivel de confiabilidade para 
trabalhar em uma cabine de sondador dotada de sistemas de operaçâo baseados em computador.
Eu discordo______  : ______  :__ _______:______ : _  :  :  Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 15
Eu tive contato corn sondadores que me forneceram uma referência positiva sobre o nivel gérai de satisfaçâo para 
trabalhar em uma cabine de sondador dotada de sistemas de operaçâo baseados em computador..
Eu discordo _______ : :_________: ______ :   _______ :_______ :  Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 16
Eu Vive contato corn gerentes de plataforma e supervisores que me fomeceram uma referência positiva sobre o nivel 
gérai de performance para trabalhar em cabine de sondador dotada de sistemas de operaçâo baseados em computador.
Eu discordo ______ : :_________:________ : _______ :_______:  Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 17
Eu tive contato corn gerentes de plataforma e supervisores que me fomeceram uma referência positiva sobre o nivel de 
confiabilidade para trabalhar em uma cabine de sondador dotada de sistemas de operaçâo baseados em computador.
Eu discordo ________:______ :__________:______ : ,______ :_______ :  Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
(Questâo 18
Eu tive contato corn gerentes de plataforma e supervisores que me forneceram uma referência positiva sobre o nivel 
gérai de satisfaçâo para trabalhar em cabine de sondador dotada de sistemas de operaçâo baseados em computador.
Eu discordo   :   : :    : Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
Utile® a escab e assinale o mtetvato que corresponde à sua melhor opçâa Marque com um X a sua opiniâo em um dos espaços para cacta afamativa. J
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QUESTIONARIO III Escalas de Atitude e Participaçâo
Dimensào: Crenças
; ( Questâo 19
. Minha participaçâo no processo de re-design da cabine do sondador me capacita para trabalhar com confiança na nova 
cabine:
Eu discordo :  :  : : ______ :______ :  Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
Questâo 20
: Meu envotvimento no processo de re-design da nova cabine do sondador ira ajudar na performance gérai das operaçôes 
de perfuraçâo.
Improvâvel _____ : _____ :  : :__ ______ :  :  Provâvel
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente 
..__________________  menos_________________________________________________
Dimensào: Expectativa de Resultados ^
Questâo 21 '■
Minha pré via experiência ira me ajudar a manter a performance requerida para as operaçôes de perfuraçâo mesmo que 
eu nâo tenha sido envolvido no processo de re-design da cabine do sondador.
Improvâvel ____ :  :  : :  :  : Provâvel
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
Questâo 22
Eu serei capaz de manter a performance requerida para as operaçôes de perfuraçâo mesmo que eu nâo tenha sido 
envolvido no re-design da nova cabine do sondador é :
Improvâvel _____ :  :  : :  : ______ :__ Provâvel
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
____________________________________ Dimensào: Crença s Normativas____________________________________
Questâo 23________________________________
Devido à minha experiência em operaçôes de perfuraçâo eu tenho que manter a performance requerida quando 
opérande na nova cabine do sondador:
Improvâvel _______ : _____ :__________:______ :_________:________:_______ Provâvel
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
Questâo 24
Meu supervisor de équipé e gerente da plataforma acham que :
Eu nâo de vena _______: ______ :______ :_____ :_____ :______ :________Eu deveria
Manter a performance mesmo nâo tendo sido envolvido no re-design da cabine do Sondador
Utilize a escaia e assinale o intervato que corresponde à sua melhor opçâo. Marque com um X a sua opiniâo em um dos espaços para cada afirmahva
V.
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V J
QUESTIONÀRIO III Escalas de Atitude e Participaçâo
V Dimensào: Modvaçào para Dfligència Normativa
Questâo 25
Falando de uma maneira geral, eu quero manter a minha performance das operaçôes de perfuraçâo quando trabalhando 
na nova cabine do sondador conforme meu supervisor de équipé e meu gerente da plataforma acham que eu deva:
Eu discordo ______  :______ :  :______ _______ : : : Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
Questâo 26
Falando de uma maneira geral, eu quero manter a minha performance das operaçôes de perfuraçâo quando trabalhando ! 
na nova cabine do sondador conforme meus companheiros de équipé acham que eu deva :
Eu discordo ______ :______:  : :  :  : Eu concordo •
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente
menos
Questâo 27
Falando de uma maneira geral, eu quero manter a minha performance das operaçôes de perfuraçâo mesmo eu nâo tenha j 
participado no re-design da cabine do sondador
Eu discordo ________:______ :__________:_______ :__________:_______ :_________Eu concordo
Totalmente Bastante Ligeiramente Mais ou Ligeiramente Bastante Totalmente '
menos
_^_____________________________________ Espaço para Comentârios______________________________
Por favor, comente akjum ponto de vista ou aspecto da pesquisa que vocé considéré util ou relevante.
Utilize a escaia e assinale o intervato que corresponde à sua melhor opçâo. Marque com um X a sua opiniâo em um dos espaços para cada afirmativa.
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Brief Instructions
The questionnaire and interview will be confidential.
Personal and companies names will not be divulged in respect to the analysis, 
discussions or conclusions of the study.
All necessary information will be given by interviewer to the subjects.
The questionnaire will be only a tool to guide an interactive informal conversation.
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THERMIE: European Community/Directorate-General for Energy(DG XVII)
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PARTICIPATION, ATTITUDES, AND THE DESIGN OF TECHNICAL SYSTEMS
Design Attributes AssessmentSUBJECTIVE DESIGN ASSESSMENT
Classification o f Design Characteristics
Instructions: 
The workplace is something that worker have to deal with in day to day work. Here are som e 
characteristics on the your workstation which you can consider more important Without limiting yourself 
would you indicate on this table below how important you consider each attribute? Remember that your 
selection will range from 1 -10 scale about these characteristics while performing drilling tasks in general, not 
simply for one specific task. 
Initially I would like ask you to rate the importance for your own use (usability) considering each 
ergonomics design characteristics by using the User’s  Design Characteristics Chart below. An 1- to 10-points 
response scale shall be utilised for each design attribute.
DESIGN CHARACTERSTiCS TABLE
Plataform/Oil rig: ^Driller :
CLASSIFICATION J
Design Quality Attributes X
1) Driller's line of sight
2) Control Design
3) Display Design
4) Control and Display Location
5) Labels and Instructions
6) Drillers Protection
7) Seating
8) Workspace
9) Warning Systems
10) Driller's Cabin Lighting
11) Noise and Thermal Environ. Control
12) Communications Resources
•Easy to see external area, equipment movements and drilling 
crew, widows deareance.
•Control order, movement relationships, and data entry devices
‘Arrangement and availability of information on display, type of 
display.
•Control and Display Location Physical arrangement of displays 
and controls within the existing space.
•Correct identification of controls and displays, including shape 
coding of controls, colour, texture, operational method
•Subjective and direct evaluation of driller's cabin robustness 
•Comfort and functional characteristics such as seated work 
surface height arm posture, postural aspects, cushioning , etc.
•Spatial adequacy in relation to the number of occupants, 
equipment layout and comfort within the workspace.
•Resources existing for emergency and non-conformities while 
drilling.
•Illumination level, light distribution, type of lamps and luminaries, 
and glare reflectance in equipment and bulkheads.
Thermal comfort, humidity, ventilation and draught perceived 
noise level.
•Resources for communication between drillers and crew 
members and different areas within the oil rig.
Summary description of the design atrribute ^P o in ts j
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SUBJECTIVE ASSESSMENT 
DESIGN
Design Attributes Assessment
J  V
DESK3N ATTRIBUTES COMPARISON MATRIX
r
Instructions:
Now can we move in a little closer to how you personally feel about Design Characteristics of your workstation? 
The aim is identify that certain ergonomics design characteristics should be more important than others according to 
your personal and perspective.
I would like to ask you to rate the design quality against each ergonomics design characteristics listed in the next 
page (Figure 1) by using the User's Design Attributes Matrix according to Figure 2 below (here 12 design characteristics 
are listed according to previous assessment). Please indicate your vote for the more important attribute for each pair of 
design attributes.
For example, consider that from a list of three characteristics of a flag such as colour, size and fabric, you would 
be asked to make a comparison based on the importance of them according to your personal opinion:
Flag's characteristics
1- Colour
2- Size
3- Fabric
You should compare among each pair just one characteristic which your consider as the most important based on your 
personal perspective:
1.2 (Colour or Size)
1.3 (Colour or Fabric)
2.3 (Size or Fabric)
Now, for each pair of numbers listed and concerned to the characteristics provided you should choose only one 
of the numbers given. Mark with a X or make a circle @ around the number that represents your choice. This procedure 
will indicate your preference for each characteristic when compared in different pairs of flag's characteristics.
If you consider colour (1) as the most important characteristic if compared to size (2), fabric(3) more important than 
colour (1) and, finally, size (2 ) more important than fabric (3)your assessment can take the following pattern in the
matrix below:    :------   — ---------  —
| D çsign A11 n b  u t c s c p m p« Uson M n t : ix  |
Mark your choice
according this example
Please, check how to fill the matrix in according to the example above and proceed in the same way when making 
c^omparison of the design attributes in your workstation, as listed in the next page._____________________________ V
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DESIGN ATTRIBUTES COMPARISON MATRIX J
PlatfomVOil Rig.
Design Attributes List
Design quality attributes Definitions
1) Driller's line of sight Ease to see external area, equipment movents and drilling crew
2) Controls design Control order, movement relationships, and data entry devices
3) Displays design Arrangement and availability of information on display, type of display
4) Controls and displays location Physical arrangement of displays and controls in the existing space, correct identif. controls
5) Labels and instructions Correct identification of controls and displays, colour, texture, etc.
6) Driller's protection Subjective and direct evaluation of driller's cabin design
7) SeatingDesign Comfort and functional characteristics such seated work surface, height, posture, cushioning
8) Workspace Spatial adequacy in relation to number of occupants, equipment layout, comfort /workspace
9) Warning systems Resources existing for non-conformities and emergency while drilling
10) Driller's cabin lighting Illumination level, light distribution, types of lamps and luminaries, and glare reflectance
11) Noise and therm, control Thermal comfort, humidity, ventilation and draught, perceived noise level
12)Communications resources Resources for comm, between drillers and crew members and different areas in the oil rig
Figure 1
Please, choose for each pair of design attribute from the Design attributes comparison matrix, only one attribute 
considering your priority order taking into account their specificity to your workstation layout and needs to perform the drilling 
tasks.
I Désign Attributes Comparison Matrix j
Figure 2 - Design attributes comparison matrix
U O 1,11 1 , 1 2
2 , 1 0 2 , 1 1 2 , 1 2
3 , 1 0 3 , 1 1 3 , 1 2
4 , 1 0 4 , 1 1 4 , 1 2
5 , 1 0 5 , 1 1 5 , 1 2
6 , 1 0 6 , 1 1 6 , 1 2
7 , 1 0 7 , 1 1 7 , 1 2
8 , 1 0 8 , 1 1 8 , 1 2
9 , 1 0 9 , 1 1 9 , 1 2
1 0 , 1 1 1 0 , 1 2
K S g g î S S s s ï ï  11,12
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ESTUDO DOS ASPECTOS 
SUBJETIVOS DE DESIGN Avaliaçâo dos Atributos de Design
Classificaçâo das Caracteristicas de Design
Instruçôes:
O local de trabalho é algo que o operador lida no dia à dia. Apresentamos aqui algumas caracteristicas do seu 
posto de trabalho relativo ao projeto e lay out os quais vocé poderia considerar importante. Gostariamos que vocé 
avaliasse o quanto é importante cada atributo. Faça a sua avaliaçâo para cada atributo em uma escaia de 1 a 10 
pontos considerando a execuçâo das tarefas de perfuraçâo de uma maneira geral, nâo apenas para uma tarefa 
especrfica. Para esta avaliaçâo vocé pode tomar como referência a atual sonda em que vocé trabalha, como também 
sua experiência em outras sondas em que vocé tenha atuado.
Por favor utilize a tabela abaixo a quai contém uma breve definiçâo dessas caracteristicas e sua influência no 
uso e operaçâo dos equipamentos internes e externes à cabine do sondador.
TABELA DE CHARACTERlSTICAS DE PROJETO
(!Plataforma/sonda: Sondador: D
CLASSIFICAÇÂO J
Atributos de Qualidade de Projeto
Linha de visâo extema do sondador na cabine (A l)
Desenho e forma dos contrôles de equipamentos e sistemas 
(A2)
Desenho e forma dos instrumentes e displays (A3)
Localizaçâo e arranjo dos instrumentes e displays (A4)
Identificaçâo de equipamentos e sistemas, instruçôes de 
operaçâo (AS)
Proteçâo para o sondador (A6)
Design and caracteristicas dos assentos para o sondador 
(AT)
Espaço de trabalho (A8)
Sistemas de alarme (AS) 
lluminaçâo (A10)
Ruido e contrôle ambiental (Al 1)
, Recursos de comunicaçâo da cabine (Al 2)_____________ y
Descriçâo Suméria do Atributo de Projeto YPontos )
* Visibilidade da area externa, equipamentos em 
movimento e pessoal.
* Facilidade para contrôle e acionamento dos 
equipamentos
* Tipo, arranjo e informaçâo disponivel nos displays 
para monitoraçâo
* Arranjo dos painéis e displays para monitoraçâo e 
contrôle
* Identificaçâo dos instrumentes, metodo de operaçâo, 
cores e côdigos
* Robustez e percebida capacidade de proteçâo contra 
impactos
* Conforto, desenho e dimensôes dos assentos para o 
sondador
‘Espaço disponivel para movimentaçâo e alcances 
‘Sistemas de Alarme 
‘ lluminaçâo
‘Contrôle de ruido e temperature 
‘Recursos de comunicaçâo e telefonia a
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PARTICIPAÇÂO, ATITUDES E O DESIGN DE SISTEMAS TÉCNICOS
MATRIZ DE COMPARAÇÂO DOS ATRIBUTOS DE DESIGN
Instruçôes:
Podemos agora considerar em maior detalhe como você pessoalmente avalia comparativamente as 
caracteristicas de design de seu posto de trabalho? O objetivo é identificar que certas caracteristicas de projeto sob o 
ponto de vista de adaptaçâo ao seu trabalho podem ser mais importantes do que outras de acordo com a sua 
perspective pessoal.
Gostariamos que você classificasse a importância de cada caracteristica de design conforme a relaçâo 
fomecida na proxima pagina (figura 1 ) comparando uma com a outra. Utilize a Matriz de Comparaçâo de Atributos de 
Design conforme a figura 2 na mesma pagina, assinalando em forma de voto para cada par de atributos aquele que é 
mais importante em sua opiniâo.
Por exemplo, imagine que a partir de uma lista de très caracteristicas de uma bandeira tais como cor, tamanho 
e material de fabricaçâo, você seja solicitado a fazer uma avaliaçâo comparativa em termes de importância:
Caracteristicas da Bandeira
1- Cor
2 -Tamanho
3- Material
Voce deverâ comparer dentre cada par aquele que é mais importante baseado em uma perspectiva pessoal entre:
1.2 (Cor ou Tamanho)
1.3 (Cor ou Material)
2.3 (Tamanho ou Material)
Assim, para cada par de numéros relacionados às caracteristicas fomecidas voce deverâ assinalalar apenas um 
dos numéros ou opçâo. Marque com um X ou faça um circulo @ em tomo do numéro que représenta a sua opçâo. Este 
procedimento determinarâ a sua preferêneia para cada caracteristica quando comparadas em diferentes pares.
Se você considéra cor(1) mais importante do que o tamanho (2), material(3 ) mais importante que cor (1) e, 
finalmente, tamanho (2) mais importante que material (3) sua avaliaçâo poderâ ser assinalada da seguinte forma na
matriz de comparaçâo abaixo: _____________________________________
I M atriz de Comparaçâo de Atributos de Design j
Marque sua opçao 
conforme assinalado
Verifique como assinalar sua opçâo conforme o exemplo acima e procéda da mesma forma quando comparando as 
caracteristicas de projeto mais importante em seu posto de trabalho, conforme a prôxima pagina.
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MATRIZ DE COMPARAÇÂO DOS ATRIBUTOS DE DESIGN
Plataforma/sonda:
Lis ta de Atributos de Design
Atributos de Design Definiçôes
1)Linha de visâo extema [ Facilidade de visâo da ârea extema, equipamentos em movimento e pessoal
2) Desenho dos contrôles Desenho e forma para facilidade no contrôle acionamento dos equipamentos
3) Desenho e forma dos instrum. Tipo, arranjo e informacao disponivel nos displays para monitoraçâo e contrôle
4) Arranjo dos instrumentes Arranjo dos paineis e displays para monitoraçâo e contrôle
5) Labels and instructions Identificaçâo de instrumentes, sistemas, simbofogia e sistem de cores para facil operaçâo
6) Protecao do Sondador Robustez e resistencia estrutural para proteçâo do sondador contra impactos.
7) Assentos Desenho e dimensôes dos assentos que permrtam o conforto e a facilidade de operaçâo.
8) Espace de trabalho Espaço de trabalho disponivel para movimentaçâo e alcances dos contrôles.
9) Sistemas de alarme Recursos para emergêneia e nâo-conformidades operacionais.
10) lluminacao da cabine Nhreis e distribuiçâo da lluminaçâo, tipos de luminârias e lâmpadas no interior da cabine
11) Contrôle termico e de ruido Niveis de conforto termico e acüstico no interior da cabine, incluindo ventilaçâo
12)Recursos de communicacao Recursos de comunicaçâo e telefonia entre a équipé e areas operacionais da sonda
Figura 1 - Lista de attributes de design
Escolha em cada par de atributos abaixo uma caracteristica considerada como a mais importante baseada nas 
prioridades para uso em suas tarefas na cabine do sondador.
M atrix de Comparaçâo de Atributos de Design
10.12
11.12
figura 2 - Matrix de comparaçâo de atributos de design
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